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PEPTIDES CAPABLE OF MODULATING THE FUNCTION OF CD66 
(CEACAM) FAMILY MEMBERS 

5 

Cmss-Referenccd to Related Applications 

This plication claims the benefit of United States Provisional Patmt 
Application Serial Numbers 60/150,791 (filed 26 August 1999) and 60/152^01 
(filed 2 September 1999), which are incorporated herdn by reference. 

10 

Background of the Invention 
CD66 family members appear to play a role in a wide variety of normal 
and pathological processes, including: cancer, embryonic development, 
bacterial infection, viral infection, inflammation, pregnancy, bile transport, and 

15 cell adhesion (1-3). CD66 monocl<mal antibodies (mAbs) react with members 
ofthe carcinoanbryonic antigen (CEA) family (4-13). In the CD terminology, 
mAbs belonging to the CD66 cluster are classified according to their reactivity 
with each family member, as indicated by a lower case letter after "CD66" as 
follows: CD66a, CEACAM-1 or biliary glycopiotem (BGP); CD66b, 

20 CEACAM-8 or CGM6; CD66c, CEACAM-6 orNCA; CD66d, CEACAM-3 <Mr 
CGMl; CD66C, CEA; and CI>66f, pregnancy specific glycoprotein (PSG) (13, 
14). The CD66 (CEA) gene family belongs to the immunoglobulin (Ig) gene 
superfamily [for review see (1, 2, 1 5). Structurally, each of the human CD66 
family members contains <me amino-tenninal (N) domain of 108-1 10 amino 

25 acid residues, homologous to Ig variable domains, followed by a differing 
riumber(0-6)of IgC2-'typecoristant*likedoniains. The structure of the N- 
domain is fterefore predicted to be a stadced pair of beta-sheets with 9 beta- 
strands (16). 

CD66 family members may potentiaUy function as adhesion molecules 
30 (12, 17-30). CD66a, CD66c, and CD66e are capable of homotypic and 

heterotypic adhesion, as shown by use of recombinant CD66a which undergoes 
homotypic adhesion as well as heterotypic adheaon with CD66c and CD66e (1, 
2, 4-12, 17-32). Data also suggest that CD66a plays a signaling role and 
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regulates the adhesion activity of CDl 1/CD18 in human neutrophils (8, 1 U 25- 
27, 33, 34). CE>66a, CD66b, CD66c, and CD66d, but not CD66e, are expressed 
in human neutrophils, where they are "activation antigens" in that their surface 
expression is increased folloAving neutro]^ stimulation mth various stimuli. 
5 CD66a, CD66b, CD66c, and CD66d mAb binding to the neutrophil sur&ce 
triggers a transient activation signal that regulates the adhe^ve activity of 
CDl 1/CD18, and increases neutrophil adhesion to human umbilical vein 
endothelial ceUs (HUVECs) (8, 1 1, 25-27, 33, 34). 

CD66a is frequently down regulated in colon, prostate, breast, and 

10 hepatocellular carcinoma, and colorectal adenomas (35-39). Transfectioii 
studies have provided evidence that CD66a may act as a tumor siqspressor in 
models of colon cancer (40) prostate cancer (41, 42) breast cancer (43) and 
bladder cancer (44). CD66a is also impOTtant in bacterial infections, ance over 
95% of padiogemc N. meningitidis and N. gonorrhea interact with CD66a via 

1 s Opa proteins, and the binding site for these Qpa proteins has been localized to 
the N-domain of CD66a (45-50). An important property of Opa proteins is die 
stimulation of adhesion and non opsonic phagocytdsis of Opa^ bacteria by 
neutrophils (reviewed in 48). CD66a also appears to fimcdon as a receptor for 
murine hepatitis virus (51-55). Furthermore, CD66a may play a role in 

20 angiogenesis since it is selectively expressed on certain endothelial cells (56) 
and CD66a appears to function as a regulator of bile transport in bile canaliculi 
(3,57,58), 

The mechanism(s) by which CD66a transmits signals (e.g. activation in 
neutrophils, or growth regulating signals in epithelial cells and carcinomas) are 

25 unclear. However, CD66a is phospborylated on its cytopla:anic domain, largely 
on tyrosine with a lower level of phosphoserine, in neutrophils and colon cancer 
cells (4, 59-61). WhUe at least eight isoforms of CD66a derived from 
differential splicing have been described (3, 12, 13, 25), only those isoforms 
with a long cytoplasmic tail can be phospborylated on tyrosine. In addition, 

30 associated protein tyrosine kinase and phosphatase activities be involved in 
CD66a signaUng (59, 62, 63). 
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Spmmarv of the Invention 
The present invendan relates to peptides capable of modulating the 
function (e.g.» signaling or adhesive activities) of CD66 (CEACAM) family 

5 members and/or their ligands. The sequences of these peptides are set foftfi m 
Tables MX. Active peptides (i.e., those capaUe of modulatmg the function of 
at least one CD66 fimily member and/or at least one ligand hereof) could be 
larger or smaller than the ones described here. While the present peptides 
described are of about 14 amino acids, pq>tides containing a relatively large 

10 number of amino acid residues, e.g., up to about 100 amino acid residues or 
more, tfiat contain the described peptides, portions thereof, or similar peptides 
may have biological activity as well. Similarly, peptides smaller than those 
shown in Tables I-DCmi^ also have similar biological activity. Similarly, 
peptides with amino acid substitutions or oflier alterations may block the 

15 activities ofthe described peptides or Ae parent molecules. Cyclic or otherwise 
modified forms of the peptides would also be expected to have biological 
activity. 

Tlius, the present invention jrovides isolated peptides that include an 
amino add sequence represented by SEQ ID NOs:l-100 analogs thereof Oiat 

20 modulate the function of at least one CD66 protein (i.e., CD66 family member) 
and/or at least one ligand thereof. These amino acid sequences can form a part 
ofalargerpq)tide. Additionally, they can be used in various combinations m 
any one peptide. Preferably, the present invration provides isolated peptides 
represented by SEQ ID NOs:l, 2, 3, 4. 7-15, 17, 22, 32, 33. 35, 37, 39, 41, 47, 

25 53, or 54. It is betieved that SEQ IDNos:119, 143, 157, 161, 178, and 187 
would have activity if they were solubilized or conjugated in a complex. 

A preferred group of isolated pq)tides include those having an amino 
acid sequmce represented by SMPFN (SEQ ID NO:101), PQQLF (SEQ ID 
N0:1Q2), LPQQL (SEQ ID NO:103), QQLFG (SEQ ID NO:104),NRQIV 

30 (SEQ ID NO:105), GNRQI (SEQ ID NO:106), KSDLVNE (SEQ ID NOrlOT), 
AASNPP (SEQ ID NO:108), NTTYLWWVNG (SEQ ID NO:109), 
YLWWVNG (SEQ ID NOillO), SWLIN (SEQ ID N0:1 1 1), SWFIN (SEQ ID 
N0:1 12), AQYSWLIN (SEQ ID N0:1 13). AQYSWFIN (SEQ ID NO:l 14), 
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SWFVN (SEQ ID NO:l 15), AQYSWFVN (SEQ ID NO:116), NRQU (SEQ ID 
NO:199X GNRQI (SEQ ID NO:200), or analogs thereof. It is believed that 
these portions of certain of the peptides described herein contribute significantly 
to the activity of tlie peptides. 

5 The present peptides are preferably capable of altering signaling 

mediated in part by CD66 (CEACAM) family members. Preferably, the 
peptides of the present invention modulate at least one of the following (whidi 
are functions of CD66 proteins and/or ligands thereof): activation of 
neutrophils; activation or inhibition of T-cells, B-cells, NK cells, LAK cells, 

10 dendritic cells, or other immune system cells; proliferation and/or differentiation 
of T-cells, B-cells, NK cells, LAK cells, dendritic cells, or other immune system 
cells; proliferation and/or differentiation of epithelial cells such as breast or 
intestinal/colonic epithelium ceUs or keratinocytes. In addition these peptides 
ate preferably capable of altering homotypic and/or heterotypic adhesion ammg 

15 CD66 proteins (Le., CD66 family members) or adhesion of CD66 pcotdms to 
other CD66 ligands. 

Hie present invention also provides peptide conjugates. The ability of 
peptides complexed with cairi^ molecules or structures, such as microbeads, 
liposomes, biological carrier molecules, syntfietic polymers, biomaterials, and 

20 cells, thereby forming peptide conjugates is shown to impart the larger structure 
yAib the ability to bmd to cells expressing the ^ropriate CD66 fiunily 
member. Such peptide conjugates bind to cells expressing a CD66 protein or a 
CD661igaiid. 

The peptides or peptide conjugatBS of the present invention can also 
25 include molecules for labeling (i.e., labels such as fluroescoice tags, magnetic 
resonance tags, radioactive tags, enzymatic tags). In this way, these can be used 
in diagnostic methods to detect specific targets in vivo or in vitro. 

The piesent invention provides a method of activating a neutrophil that 
includes contacting the neutrophil with a peptide or peptide conjugate (i.e., at 
30 least one peptide or peptide conjugate) that includes an amino acid sequence 
represented by SEQ ID NOs:l, 2, 3, 4, 17, 41, or analogs thereof. Preferably, 
the peptide is represented by SEQ ID NOs:l, 2, 3, 4, 17, or 41. 
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The present invention also provides a method of modulating the 
homotypic and/or heterotypic adhesion of CD66 family members or adhesion of 
a CD66 protein to a CD66 ligand. The me&od includes contacting CD66 
femily members and/or their ligands with a peptide or peptide conjugate that 

5 includes an amino acid sequence represoited by SEQ ID N0s:7- 1 5, 1 7, 22, 32, 
33, 35. 37, 39, 47, 53, 54, or analogs thereof. Preferably, the peptide is 
represented by SEQ ID N0s:7-1 5, 17, 22, 32, 33, 35, 37, 39, 47, 53, or 54. 

The present invention also provides a method of modulating (e.g., 
activating or inhibiting) unmune cell (e.g., T-cells, B-cells, NK cells, LAK 

10 cells, or dendritic cells) activation, proliferation, and/or differentiation that 
includes contacting an immune ceD with a peptide or peptide conjugate that 
includes an amino acid sequence represented by SEQ ID NOs:14, 53, or analogs 
thereof Preferably, the peptide is represented by SEQ ID N0s:14 or 53. 

In addition, some peptides differ from these peptides by one or several 

15 amino acids and could compete with these active peptides or the natural CD66 
family member or ligand thereof for certain biological activities. 

For example, the present invention provides a method of blocking the 
activation of a neutnqihil induced by the method described above. This method 
includes contacting the neutrophil inAien in ^ presence of at least one of the 

20 peptides used in the method of activating a neutrophil discussed above with at 
least one peptide or pqytide conjugate that includes an amino acid sequence 
represented by SEQ IDNQs: 18-21, 28-31, 39, 40, 55-59, 68-71, 84, or analogs 
thereof PrcfCTabIy,thepcptideisrcpresentedbySEQroNOs:18-21, 28-31, 
39, 40, 55-59, 68-71, or 84. 

25 As another example, the present invention provides a mediod of altering 

tfie modulation of the homotypic and/or heterotypic adhesion of CD66 family 
membersor adhesion between a CD66 protein anda CD66 ligand induced by 
peptides homologous to (e.g., peptides derived fiom similar regions of similar 
domains of CD66 fimily members) those listed above (SEQ ID NOs:7-15, 17, 

30 22, 32, 33, 35, 37, 39, 47, 53, or 54). The method includes contacting CD66 
family members and/or ligands thereof with a peptide comprising an amino acid 
sequence represented by SEQ ID NOs:2, 5, 6, 9, 1 1, 16, 19, 23-28, 30, 32, 34- 
38, 40, 42, 43-47, 49-52, 55, 57, 60-67, 69, 72-100, or analogs thereof, whoi in 
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the presence of at least one of the peptides listed above (SEQ ID NOs:7-15, 17, 
22, 32, 33, 35, 37, 39, 47, 53, or 54). Preferably, the pqrtide is represented by 
SEQ ID N0s:2, 5, 6, 9, 11,16. 19, 23-28, 30, 32, 34-38, 40, 42, 43-47, 49-52, 
55. 57, 60-67, 69, or 72-100. This modulating effect can result, for example 
5 fiom direct binding of one of these pq>tides to one of the CD66 family members 
and/or ligands thereof, or fiom altering the effects of other peptides on the 
adhesion. 

Anodier method of the present invention involves modulating at least 
one of the following functions of CD66 family members and/or ligands thereof 

10 in cells: activation of neutrophils; activation or inhibition of T-cells, B-cells, 
NK cells, LAK cells, dendritic cells, or other immune system cells; proliferation 
and/or differentiation of T-cells, B-cells, LAK cells, NK cells, dendritic cells, or 
other immune system cells; proliferation and/or differentiation of epithelial 
cells; homotypic and/or heterotypic adhesion among CD66 family members; 

15 and adhesion of CD66 family members to other ligands. The method includes 
contacting cells with at least one peptide or peptide conjugate that includes an 
amino acid sequence represented by SEQ ID NOs:l-100, 1 19, 143, 157, 161, 
178, 187, or analogs thereof 

Another method involves delivering a therapeutically active agent to a 

20 patient The method UKludcs adniioistering at least one peptide conjugate 
comprising a peptide and the therapeutically active agent to a patient li^erein 
the peptide includes an amino acid sequence represented by SEQ ID NOs:l- 
100, 119, 143, 157, 161, 178, 187, or analogs ttiereof Preferably , flie 
tiierqieutically active agent is selected fiom drugs. DNA sequences, RNA 

25 seqiKoces, proteins, lipids, and combinations thereof More preferaMy, the 
therapeutically active agent is an antibacterial agent, antiinflammatory agent, or 
antineoplastic agent 

There is also provided a method of modifying the metastasis of 
mriignant cclls. Ilus nietiiod includes contacting the malignant cells or normal 

30 host tissue with at least one pq)tide or peptide conjugate that includes an amino 
acid sequence represented by SEQ ID NOs:l-100, 119, 143, 157, 161, 178, 187, 
or analogs thereof. 



6 



wo 01/13937 PCT/USOO/23482 

There is also provided a method of altering bacterial or viral binding to 
cells or a biomaterial. The method includes contacting the cells or biomaterial 
with at least one peptide or peptide conjugate that includes an amino acid 
sequence represented by SEQ ID NOs:M00, 119, 143, 157, 161, 178, 187, or 

5 analogs thereof. 

Another method involves altering cell adhesion to a biomaterial. The 

method includes contacting the biomaterial with at least one peptide or peptide 

conjugate that includes an amino acid sequence reiMesented by SEQ ID NOsrl- 

100, 119, 143, 157, 161, 178, 187, or analogs thereof. 
10 Another method involves detectuig tumors. The method mcludes 

contacting tumor cells or tumor vasculature with at least one peptide or peptide 

conjugate that inchides an amino acid sequence iqwsented by SEQ ID NOs:l- 

100, 119, 143, 157, 161, 178, 187, or analogs thereof. 

Still another method involves detecting in fl a m ma tion. The method 
15 includes contactmg inflamed vasculature or leukocytes with at least one pqydde 

or pelade conjugate that inclwfes an amino acid sequrace represented by SEQ 

IDNOstl-lOO. 119, 143, 157, 161. 178. 187, or analogs thereof. 

Yet another method involves detecting a CD66 protein or a ligand 

thereof. The method includes contacting tissue containing a CD66 protein or a 
20 ligand thereof with at least one peptide or peptide conjugate that includes an 

amino add sequence represented by SEQ ID NOsil-lOO, 1 19, 143, 157, 161. 

178, 187, or analogs thereof. 

Another method involves altering angiogenesis. The method includes 

contactmg endothelial cells, tumor cells, or hnmune cells with at least one 
25 peptide or peptide conjugate that includes an amino acid sequence represented 

bySEQIDNOs:M00, 119, 143, 157, 161, 178, 187, or analogs thereof. 
Yet another method of the preset invention involves altering an 

immune response. The method includes contacting fanmune system cells with at 

least one peptide or peptide conjugate that includes an amino acid sequence 
30 represented by SEQIDNOs:l-100, 119, 143, 157, 161, 178, 187. or analogs 

thereof 

Another method of the present invention involves altering keratinocyte 
proliferation. The method includes contacting keratinocytes with at least one 
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peptide or peptide conjugate that includes an amino acid sequence represented 
by SEQIDNOs:M00, 119, 143, 157, 161, 178, 187, or analogs thereof. 

The methods described herein can be carried out in vitro or in vivo. The 
peptides can be used alone or in various combinations as well as in peptide 
5 conjugates. They are used in amounts that provide the desired effect. These 
amountscanbereadily determined by one of skill in the art Preftarably, for 
each of the methods of the present invention, useful peptides are represented by 
SEQ ID NOs:l, 2, 3, 4, 7-15. 1 7. 22, 32, 33, 35, 37, 39. 41, 47, 53, or 54. 

As used herein, **a'' or "an** refers to one or more of the term modified. 

10 Thus, the compositions and methods of the present invention include one or 
more polypeptides. Also, herein when peptide is said to includes an amino acid 
sequence represented by SEQ ID NOs:l-100 or analogs thereof, the pqptide can 
include one or more of the sequences specified. 

"Amino acid" is used herein to refer to a chemical compound with the 

15 general formula: NH2<^RH*COOH, \^ere R, the side chain, is H or an organic 
group. Where R is an organic group, R can vary and is either polar or nonpolar 
(i.e., hydrophobic). The amino acids of this invention can be naturally 
occurring or synthetic (often referred to as nonproteinogenic). As used herein, 
an organic groiq> is a hydrocarbon group that is classified as an aliphatic group, 

20 a cyclic group or combination of aliphatic and cyclic groiq>s. The tenn 
"aliphatic groi^" means a saturated or unsaturated linear or branched 
hydrocarbon group. This term is used to encompass alkyl, alkenyl, and alkynyl 
groups, for example. The term "cyclic group" means a closed ring hydrocarbon 
ffoxsp that is classified as an alicyclic group, aromatic group, or heterocyclic 

25 group. The term **alicyclic groiq)" means a cyclic hydrocarbon group having 
properties resembling those of aliphatic groiq)s. The tenn "aromatic group** 
refers to mono- or polycyclic aromatic hydrocarbon groins. As used herein, an 
<Mganic groiQ) can be substituted or unsubstituted. 

The terms "polypeptide" and "pqptide** as used herein, are used 

30 mterehangeably and refer to a polymer of amino acids. These terms do not 
connote a specific length ofa polymer of amino acids. Thus, for example, the 
terms oligopqytide. protein, and enzyme are included within the definition of 
polypeptide or peptide, whether produced using recombinant techniques. 
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chemical or enzymatic synthesis, or naturally occurring. This term also 
includes polypeptides that have been modified or derivatized, such as by 
glycosylation, acetylation, phosphorylation, and the like. 

Herein, "isolated" as it refers to peptides (i.e., polypeptides) means that 
5 the peptides are derived from naturally occurring proteins or other polypeptides 
and free from other biological material or they are synthesized, citbsr 
recombinantly or chemically. 

The following abbreviations are used throughout the application: 



A= Ala = Alanine 


T = Thr = Threonine 


V = Val-Valine 


C = Cys = Cysteine 


L = Leu = Leucine 


Y = Tyr«Tyiosme 


I - He = Isoleudne 


N = Asn = Asparagine 


P = Pro = Proline 


Q Gin — Glutamine 


F -Phe - Phenylalanme 


D — Asp - A^partic Acid 


W= Tip = Tryptophan 


E - Glu = Glutamic Add 


M - Met - Mefliionine 


K - Lys = Lysine 


G = Gly= Glycine 


R = Arg = Arginine 


S = Ser = Serine 


H = Ifis - Histidine 



BrirfPisscriDtion of tiic Drawings 
Figure 1 . Effects of CD66a peptides on neutrophil adhesion to human 

15 umbilical vein endothelial cells (HUVECs). HUVECs were grown to 
confluence in 96 well microtiter plates, and stimulated by adding 50 ng/ml 
TNF-alpha and 1000 U/ml gamma-interferon (gamma-IFN) and culturing for 48 
hours. The wells were then washed and 25 |il of adhesion buffer containing the 
indicated CD66a peptide at 167 ^g/ml (final concentration) was added. One 

20 hundred (il of adhesion media containing 1 0^ neutrophils labeled with calcein 
AM was then immediately added, followed by 25 ^1 of adhesion buffer without 
(solid bars) or with (hatched bars) 6 x 10"^ M formyl-met-leu-phe (FMLP), and 
the plates were incubated at 3TC for 30 min in 5% CO2. The wells were then 
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washed and the number of adherent neutrophils detemuned with a fluorescence 
plate reader. Values are shown as the percent of added neutrophils remaining 
adherent to the HUVEC monolayers and represent the means +/- SD of 4 
separate detenninations. The adhesion observed in the presence of the active 
5 CD66a pq>tides CD66a-l, CD66a-2, and CD66ar3 was statistically greater than 
that observed with 24 other peptides or media alone (pO.OS). 

Figure 2. Effects ofvarious concentrations oftheC3)66a peptides 
CD66a-l » CD66a-2, and CD66a-3 on neutrophil adhesion to HUVECs. 
HUVECs were grown to confluence in 96 well microtiter plates, and stimulated 

10 by incubating in the presence of TNF-alpha at SO ng/ml final concentration for 4 
hr at 37^, and the adhesion of neutrophils was quandtated in the presence of 
the indicated final concentration of CD66a peptide CD66a-l (circles), CD66a-2 
(squares), or CD66a-3 (triangles) and 10'^ M FMLP as described m Figure 1. 
Values are shown as the percent of added neutrophils remaining adherent to the 

15 HUVEC monolayers and represent the means +A SD of 4 separate 

detenninations. The adhesion observed in die presence of CD66apqytides 
CD66a-l, CD66a-2, and CD66a-3 at 50 ^g/ml was statistically greater than that 
observed with lower concentrations of peptides (p<O.OS). 

Figure 3. Effects of scrambled CD66a peptides on neutrophil adhesion 

20 to HUVECs. HUVECs were grown to confluence in 96 well microtiter plates, 
and stimulated by incubating in the presence of TNF-alpha at 50 ng/ml final 
concentration for 4 hr at 3T*C. The wells were then washed and 25 ^1 of 
adhesion buffer containing the indicated CD66a pq)tides (at 167 ^g^dl final 
concentration) was added One himdred microliters of adhesion media 

25 containing 10^ neutrophils was then added, followed by 25 ^l of adhesion buffer 
without (solid bars) or with (hatched bars) 6 x 10'^ M FMLP, and the plates 
were incubated at 3TX;j for 30 min in 5% CO2. The wells were then washed and 
the number of adhoent neutrophils determined with a fluorescence plate reader 
as in Figure 1. Values are shown as the percent of added neutrophils remaining 

30 adheient to the HUVEC monolayers and represent the means +/- SD of 4 
sq)arate detemoinations. The adhesion observed in the presoce of the active 
CD66a peptides CD66a-l, CD66a-2, and CD66a-3, were statistically greater 
that observed with the 9 scrambled peptides (p<0.05). 



10 



wo 01/13937 PCT/USOO/23482 

Figure 4. Representative flow cytometric histogram profiles of the 
efifect of CD66a peptides on human neutropMI surface CDl lb and CD62L 
expression. Left panel: Purified neutrophils were hicubated with Hanks* 
balanced salt sohition (HBSS) (mean channel fluorescence (MCF) » 584) (top 
5 panel), FMLP (10"^ N0,(MC3F = 709) (second panel), the CD66a peptide 
CD66arl ^CF = 704) (167 jig/tol) (third panel), the CD66a peptide CD66a-2 
(MCF = 713) (167 gAnl) (fourth panel), the CD66a peptide CD66a-3 (MCF = 
714) (167 ^g/ml) (fifth panel), or ibe scrambled CD66a peptide CI>66a-l-Sl 
(MCF = 581) (167 fig/ml) (bottom panel) for 15 min at 3TC, and the bindmg of 

10 aphycoefythrin-label6d(PE-label6d)CDllbmAb was determined. Vertical 
axis, relative cell number; horizontal axis, relative fluorescence intensity 
measured on a log scale. The MCFsrqiresent the means of two detorminations 
that agreed within 10%. Rigbtpand: Purified neutrophils were warmed to 
37C, incubated for 5 min with HBSS (MCF = 548) (top panel), FMLP (10"^ 

15 M), ^CF ^ 256) (second panel), the CD66a peptide CD66a-l (MCF = 230) 
(167 pg/ml) (third panel), the CD66a peptide CD66a-2 (MCF = 243) (167 
jig^ml) (fourth panel), the CD66a peptide CI>66a-3 (MCF = 229) (167 |ig/ml) 
(fifth panelX or the scrambled CD66a peptide CD66a-l-Sl (MCF = 546) (167 
Jig/ml) (bottom panel), and the binding of a PE-labeled CD62L mAb was 

20 detemuned. Vertical axis, relative cell number; horizontal axis, relative 

fluorescence intensity measured on a log scale. A duplicate experiment gave 
similar results. 

Figure 5. Effects of CD66a-7 peptide on neutrophil adhesion to 
HUVECs. HUVECs were grown to conflu^ce in 96 well microtiter plates, and 

25 stimulated by adding 50 ng/xnlTNF-alpha and culturing for 48 hours. TheweUs 
were then wa^ed and 25 pi of adhesion buffer with or without the CD66ar 7 
pq>tide at 1 67 pg/ml (final concentration) was added One hundred microliters 
(pi) of adhesion media containing lO' neutrophils was then immediately added, 
followed by 25 pi of adhesion buffer with 6 x 1 0'^ M FMLP, and the plates 

30 were incubated at 37°C for 30 mm in 5% CQ2. The wells were then washed and 
the number of adherent neutrophils determined with a fluorescence plate reader. 
Values are shown as the percent of added neutrophils remaining adherent to the 
HUVEC monolayers and represent the means +A SD of 4 separate 
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detenninations. Hie adhesion observed in the presence of the peptide CD66a-7 
was statistically greater than that observed with buffer alone (p<0.05). 

Figure 6. Effects ofCD663-6L peptide on neutroplul adhesion to 
HUVECs. Usmg the method described with respect to Figure 5, the adhesion 
5 observed in the presence of the pqptide CD66a-6L was statistically greater than 
that observed with buffer alone (p<O.OS). 

Figure?. Effects ofCD66e-3pq)tide on neutroidul adhesion to 
HUVECs. Using the method described with respect to Figure 5, the adhesion 
observed in the presence of the peptide CD66e-3 was statistically greater than 

10 that observed with buffer alone ^p<0.05). 

Figure 8. Effects of CD66a peptides on binding of CHO transfectants 
expressing CD66a (CEACAM1-4L) to inomobilized recombinant human 
CEACAMl-Fc using the technique of the Transfectant Binding Assay #1 
(Assay #1). Ninety-six well Immulon 3 plates were coated with goat anti- 

15 human Fc, wasl^ and soluble CEACAMM-Fc (CD66a-Fc), or the negative 
control constructs CD3 l(Dl-3>Fc and CD14-Fc were added and allowed to 
bind» and the plates were th^ washed. CHO transfectants were labeled with the 
fluoresecent tag BCECF-AM and allowed to adhere to these immobilized 
soluble constructs for 60 min at 37°C. The total fluorescence of each well was 

20 then determined using the Cytofiuor II fluorescence plate reader. The plates 
were then washed and the number of cells adhering determined by fluorescence 
measurements in the Cytofluor II as a percentage of the total cells added per 
well. The mean +/- SD of 4 determinations are shown. Fouroftfaepeptides, 
CD66-17, CD66-18, CD66-19» and CD66-24, significantly inhibited homotypic 

25 CD66a binding in this assay. 

Figure 9A and 9B. Effects of peptides on homotypic adhesion of 
CD66a-CD66a using Transfectant Binding Assay #2 (Assay #2). Several 
pqytides blocked bindmg of CD66a expressing.CHO transfectants to 
immobilized CD66a using tte technique of Assay #2. The data is shown as 

30 percent ofadded cells that remamed adherent Control values "0** and "1000" 
represent the adhesion observed when no CD66a protein is adherent to the well» 
or vAim buffer is added without peptide, respectively. Control values "0.01 " 
represent the adhesion observed in the presence of a blocking CD66 antibody. 
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Figure lOA and lOB. EfTects of peptides on homotypic adhesion of 
CI>66c-CD66c using Assay #2. Several peptides blocked binding of CD66c 
expressing CHO transfectants to immobilized CD66c using the technique of 
Assay #2. The data is shown as percent of added cells that remained adherent. 
5 Control values "0" and "1000" represent the adhesion observed when no CD66c 
protein is adherent to the well, or when buffer is added without peptide, 
respectively. Control values '*0.01 ** represent the adhesion observed in fhe 
presence of a blocking CD66 andbody. 

Figure 1 1 A and 1 IB. Effects of peptides on homotypic adhesion of 

10 CD66e-CD66e using Transfectant Binding Assay #2 (Assay #2). Several 
peptides blocked binding of CD66e expressing CHO transfectants to 
immobilized CD66e using the technique of Assay #2. The data is shown as 
pofcent of added cells that remamed adherent Control values "0" and "1000" 
represent the adhesion observed when no CD66e protein is adherent to the well, 

15 or when bu£fer is added without peptide, respectively. Control values "0.01" 
rqnesent the adhesion observed in the presence of a blocking CD66 antibody. 

Figure 12A and 12B. Effects of pq>tides on heterotypic adheinon of 
CD66b-CD66c using Assay #2. Several peptides blocked Unding of CD66b 
expressing CHO transfectants to immobilized CD66c using the technique of 

20 Assays. The data is shown as percent of added cells that remained adherent 
Control values "0" and "1000" represent the adhesion observed i^en no CD66c 
protein is adherent to the well, or when buffer is added without peptide, 
respectively. Control values "0.01 " represent the adhesion observed in the 
presence of a blocking CD66 antibody. 

25 Figure 13 A and 13B. Binding of microbeads coupled to CD66a-24 to 

CHO cells exjMressing CD66a CD66a-24 and CD66a-l peptides were coupled 
to microbeads and the microbeads were incubated with a suspension of CHO 
cells expressing CD66a at room temperature for 30 miiL The binding of the 
microbeads to the CHO cells was quantified by counting the number of beads 

30 associated with single cells or groups of cells in three cell-group size classes 
and are reported as the number of microbeads boimd to each size groi^ of cells. 
Figure 13B shows the number of beads associated with single cells, which are 
reported as the average number of microbeads bound to each single cell. 

13 
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, Figure 14. Effect of CD66 peptides on the activation of T-cells. T-cells 
were stimulated with anti-CD3 in the presence of various CD66 peptides as 
indicated and proliferation quantitated using radionucleide uptake expressed as 
qnn associated with the cells. Peptide CD66a-24, and to a lesser extent CD66e- 
5 31, inhibited T-cell activation. 

Dctafled Pcscription of Preferred Embodiments of the Invention 

Because of the adhesive and signaling properties of CD66a described 
above, we soug|xt to identify functionally active domains of CI>66a by use of 

10 synthetic peptides. Peptides of 14 amino adds in length were synthesized. The 
sequences are set forth in Tables I-DC. These were investigated fcxr the ability to 
modulate the fuictionofCD66(CEACAM)fiunily members. Urns, the present 
invention provides isolated peptides that include an amino add sequence 
rqnesented by (at least one of) SEQ ID NOs:l-100 or analogs thereof that 

1 5 modulate the function of at least one CD66 protem (i.e. , CD66 family member) 
and/or at least one ligand thereof 

Peptides were tested for their ability to alter neutrophil adhesion to 
human umbilical vein endothelial cells (HUVECs). Five pqptides activated 
neutro]diils for adhesion to eadotheiial cells, as determined by increasing 

20 neutrophil adhesion to HUVEC monolayers and altering surface expression of 
CDl 1/CDl 8 and CD62L* The data suggest tiiat at least 5 pcpHdc motifs from 
the N-tenninal domain of CD66a are involved in the interaction of CD66a with 
other ligands, and can initiate signal transduction in neutrophils. These 5 moti& 
have the amino add sequences represented by SEQ ID NO:l, SEQ ID NO:2, 

25 SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:17. Activating or inhibiting 
neutrophil activation may be useful in treating certain infectious diseases or in 
cases vAete tiie activation of neutroi^iils results in unwanted effects as in aduh 
respiratory distress syndrome. 

Similar noodeling was done with CD6db, CD66c CD66d» CD66e, and 

30 CD66fand peptides shown in Tables m-Vm were synthesized. Qneofthese 
peptides was also foimd to activate neutrophils. This peptide has the sequence 
represented by SEQ ID NO:41. In addition, it was found that peptides from 
homologous regions of other CD66 members that contained minor amino add 
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dififerences from the active peptides from CD66a did not activate neutrophils, 
thus providing further information on the structure needed for activity. These 
include peptides having the amino acid sequences rei»nesented by S£Q ID 
NOs:18-21, 28-31, 39, 40, 55-59, 68-71, and 84. These peptides could compete 
5 with the active peptides (SEQ ID NOs: 1 -4, 1 7, and 41) or could mediate direct 
binding of natural CD66 family members. 

These peptides were also tested for their ability to alter the homotypic 
adhesion of CD66a to CD66a, CD66c to CD66c, and CI>66e to CD66e, as well 
as the heterotypic adhesion of CD66b to CD66c. A number of the peptides 

10 were found to modulate homotypic and/or heterotypic adhesion of CD66 family 
members. These include peptides having the amino acid sequences represented 
by SEQ ID NOs:7-15, 17, 22, 32, 33, 35, 37, 39, 47, 53, and 54. It is beKeved 
that these may also modulate adhesion between a CD66 protdn and other CD66 
ligands. In addition, some peptides that differ from these active peptides by one 

15 or several amino acids could compete (i.e., alter tiieir modulation effects) with 
these active peptides for functional effects or mediate direct binding of tiie 
natural CD66&mily members. These include peptides having the amino, acid 
sequences rq>resented by SEQ ID NOs:2, 5, 6, 9, 1 1, 16, 1 9, 23-28, 30, 32, 34- 
38, 40, 42, 43-47, 49-52, 55, 57, 60-67, 69, and 72-84, as well as other 

20 homologous peptides (based on domain structure) including SEQ ID NOs:85- 
100. 

Pq>tides were also tested for their ability to inhibit tiie activation of T- 
cells toward imliferation and/or differentiation. One peptide (SEQ ID NO:14) 
was found to be a potent inhibitor of T-cell activation vAsSlc another (SEQ ID 

25 N0:S3) had weaker activity. Modulating the immune response, as for example 
by activating or inhibiting the proliferation and/or differentiation of T-cells, B- 
cells, NK cells, LAK cells, dendritic cells, or other immune system cells, may 
be usefiil in treating autoimmune diseases, and in transplantation tiierapies 
where graft vs. host or host vs. graft effects may be undesirable. The peptides 

30 could also be immune stimulants in settings such as cancer, infectious disease, 
or immunization. Alternatively, they could be immune suppressants. They 
could also be used to detect inflammation, and preferably modulate 
inflammation by activating or inhibiting activation of immune or inflammatory 
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cells. A prefeired method involves detecting (and preferably modulating) 
inflanunation in tissues such as inflamed vasculature or leukocytes. 

Thus, preferably, the present invention provides isolated peptides 
represented by SEQ ID NOs:l, 2. 3, 4, 7^15, 17, 22, 32, 33, 35, 37, 39, 41. 47, 
5 53, or 54. It is also believed that peptides reinresented by SEQ ID Nos: 1 19, 143, 
1 57, 161 , 1 78, and 1 87 would have activity if they were solubilized or 
conjugated in a complex. 

Thus, the present invention provides peptides derived from CD66 
(CEACAM) family members that are capable of modulating (i.e., altering by 
10 increasing, decreasing, etc.), for example, cell activation, cell adhesion, cell 
proliferation, cell differentiation, or homotypic and/or heterotypic adhesion 
among CD66 family membcis or binding of CD66 family members to their 
ligands. 

In addition to the peptides discussed above that are specifically shown to 
1 5 have such activity, ofliers are believed to possess a least cme activity as 
described herein. These peptides are shown in Tables I-IX. 

Conqx>sitions coniprising the polypeptides of this invention can be 
added to cells in culture (in vitro) or used to treat patients, such as maminals (xpi 
vfvo). Where the polypeptides are used to treat a patient, the polypeptide is 
20 jnefeiably combined in a phannaceuticai composition with a phamiaceudcaUy 
accepdble carrier such as a larger molecule to promote polypeptide stability or a 
phaimaceiitically acceptible buffer fliat serves as a carrier for the polyp^de or 
inc(»poiated in a peptide conjugate that has more than one peptide coupled to a 
single entity. 

25 Given the known bacterial and viral binding properties of CD66 family 

members, the peptides described herein could be useful for altering the binding 
of viruses, bacteria, or other pathological etiologic agents to the cells of host 
tissues, transplanted tissues, or to biomaterials (increase or inhibit bmding). 
They could also be useful for detecting a CD66 protein or a ligand thereof in 

30 tissue, Miiether it be in vitro or in vivo. 

Studies were also performed to demonstrate that these peptides could be 
used to target the binding of larger structures to cells expressing the q>propriate 
CD66 family member. The coupling of multiple copies of peptides to larger 

]6 
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Structures (thmby fonning pq)tide conjugates) allows cooperativity of binding 
due to the presence of multiple binding sites. This markedly increases the 
afGnity of binding of the complex compared with that of a single free peptide. 
In addition, it should therefore be possible to complex various combinations and 
5 densities of different peptides described herein to create a structure that 
preferentially binds cells expressing a specific pattern of CD66 family 
members. 

The biological activity of the peptides identified here suggests that they 
have sufBcient affinity to make them potential candidates for drug localization 

10 to cells expressing the ^propriate surface structures. This targeting and binding 
to cells could be useful for the delivery of therapeutically active agents 
(including targeting drugs, DNA sequences, RNA sequences, lipids, proteins 
(e.g., human growth factors)) and gene therapy/gene delivery* More preferably, 
the tfierapeutically active agent is an antibacterial agent, andinflanomatoiy 

15 agen^ or antineoplastic agent 

Since different cells, including specifically many malignant cells, cells 
of different tissues, growing endothelial cells, includmg mdothelial cells in new 
vessels in tumors and in diabetic proliferative mianvasculature, express 
different combinations of CD66 &mily members, it should be possible to 

20 generate conipounds bearing different combinations of densities of CD66 
peptides that would target (bind i»referentially) to different desu^d tissues or 
cells. 

As proof of principle, the peptide CD66-24 vAen coupled to microbeads 
directs the binding of the complexed microbeads to CHO cells expressing 
25 CD66a. 

Also» CD66 femily members have been shown to alter metastases of 
malignant cells and can alter cell differentiatioiL Thus, the peptides described 
herem could modify the process of metastasis of malignant cells either by 
altering the behavior of the malignant cells directly, or by altering the 
30 lAysiology of a target tissue (as for example, the liver where CE)66e has been 
shown to alter cytokine production by cells in the liver and also alter the ability 
of colon cancer ceQs to metastasize to the liver). The pq)tides described herein 
can also be used in detecting tumors. 



17 



o 



wo 01/13937 PCT/USOQ/23482 

Thus, the peptides described herein are believed to be useful for altering 
angiogenesis. In such a method, endothelial cells, tumor cells, or immune cells 
are contacted with at least one peptide described herein. 

Some CD66 members are expressed in growing keratinocytes at die 
5 edge of healing wounds. These peptides may be usefiil to alter keratinocyte 
growth or behavior or the behavior of other cell involved in wound healing. 

These peptides may be useful in altering the growth or physiology of 
cells, which are m various disease states, that can express CD66 members, 
including gut (as for example in inflammatory bowel disease, atrophic states, or 

10 cancer), breast, stomach, small bowel, colon, pancreas, thyroid, prostate, lung, 
kidney, placenta, sebaceous glands, and uterus. 

Treatment for these various conditions can be prophylactic or 
therapeutic. Thus, treatment can be initiated before, during, or after the 
development of the condition. As such, the phrases "inhibition of or "effective 

15 to uihibit" a condition includes both projdiylactic and therapeutic treatment (ie., 
prevention and/or revosal of the condition). 

Additionally, molecules/particles with a specific number of specific 
CD66 pqytides would bind specifically to cells/tissues expressing specific 
ligand combinaticms, and therefore could have diagnostic and therapeutic use. 

20 Thus, the peptides of the present invention can be labeled (e.g., fluorescent, 
radioactive, enzyme, nuclear magnetic) and used to detect specific targets in 
vivo or in vitro including **imm\mochCTiistry" like assays in vitro. In vivo they 
could be used in a manner similar to nuclear medicine imaging techniques to 
detect tissues, cells, or other material exi^essing specific CD66 ligands. 

25 The polypeptides of SEQ ID NOs:l-100 can be in their fipee acid form or 

they can be amidated at the C4enninal carboxylate groiq>. The present 
invention also includes analogs of the polypeptide of SEQ ID NOs:l-100, vfindx 
typically have structural sunilarity with SEQ ID NOs:l-100. An "analog" of a 
polypq)tide includes at least a portion of the polypeptide, wherein the portion 

30 contains deletions or additions of one or more contiguous or noncontiguous 
amino acids, or containing one or more amino acid substitutions. Substitutes fat 
an airuno acid in the polypeptides of the invention are preferably conservative 
substitutions, which are selected firom other members of the class to which the 
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amino acid belongs. An analog can also be a larger peptide that incorporates 
tbe peptides described herein. For example, it is well-known in the art of 
protein biochemistry that an amino acid belonging to a grouping of amino adds 
having a particular aze or characteristic (such as charge, hydrophobicity and 
5 hydrophiUchy) can generaUy be substituted for another amino add witiKHit 

substantially altering the structure of a polypejrtifc. 

Fot Ae jmrposes of fliis invention, conswvative amino acid substitutions 
are defined to result from exdmge of amino adds residues fiom vnthin one of 
the following classes of residues: Class I: Ala, Gly, Set, Thr, and Pro; Class H: 
10 Cys. Ser, Thr, and Tyr, Class HI: Glu, Asp, Asn, and Ghi (carboxyl group 
containing side chains): Class IV: His, Arg, and Lys (representing basic side 
chains); Class V: De, Val, Leu, Phe, and Met (representing hydrophobic side 
chams); and Class VI: Phe, Tip, Tyr, and His (representing aromatic side 
diams). The classes also indude other related amino adds such as halogenated 

15 tyrosines in Class VI. 

Polypeptide analogs, as that term is used herein, also include modified 
polypeptides. Modifications of polypeptides of the invention include chemical 
and/or enzymatic derivatizations at one or more constituent amino add, 
including side chain modifications, backbone modificati(»s, and N- and C- 

20 terminal modifications including acetylation, hydroxylation, methylatioo, 

amidation, and tije attachment of carbohydrate or lipid mdeties, co&ctors, and 
tbe like. 

A prefeired polypeptide analog is diaracterized by havaig at least raw of 
the biolo^cal activities described herdn. Sud» an analog is referred to herein as 
25 a -biologicaUy active analog* or sinq)ly -active analog." The biological activity 
of a polypeptide can be determined, for example as described m the Exanqdes 
Section. 

For example, active analogs of SEQ ID N0:1 indude peptides having an 
-M" orsimilaraminoaddinthe"SMPFN"sequence(SEQroNO:101). 
30 Active analogs ofSEQ ID N0:2 include peptides having a "Q" or similar amino 
add in the "PQQLF" sequence (SEQ ID NO:102), the "LPQQL" sequence 
(SEQ ID NO:103), or tiie "QQLFG" sequence (SEQ ID NO:104). Active 
analogs of SEQ ID NO:3 indude peptides having an "RQ" sequence or sanrilar 



19 



wo 01/13937 



PCT/USOO/23482 



amino acid sequence in the "NRQIV" sequence (SEQ ID NO:10S) or the 
"GNRQr sequencei (SEQ ID NO: 106). Active analogs of SEQ ID NO:4 
include peptides having an "IKSDLVNE" portion (SEQ ID NO: 107) of the 
sequence. Active analogs of SEQ ID NO:9 include peptides having an 
••AASNPP" portion (SEQ ID NO:108) of the sequence. Active analogs of SEQ 
ID NO:22 include peptides having a 'TnTYLWWVNG" portion (SEQ ID 
NO:109) or "YLWWVNG" portion (SEQ ID NO:l 10) of the sequence. Active 
analogs of SEQ ID NO:35 include peptides having an "SWLIN" portion (SEQ 
IDNO:lll), "SWFIN" portion (SEQ ID NO:l 12), "AQYSWLIN" portion 
(SEQ ID NO:l 13), or "AQYSWFIN" portion (SEQ ID NO:l 14) of the 
sequence. Active analogs of SEQ ID NO:47 include peptides having an 
"SWFVN" portion (SEQ ID N0:1 15) or "AQYSWFVN" portion (SEQ ID 
NO: 1 16) of the sequence. Active analogs of SEQ ID NO:41 include peptides 
having an "NRQir portion (SEQ ID NO;199) or "GNRQI" portion (SEQ ID 
NO:200). 

The polypeptides of the invention may be synthesized by the solid phase 
method using standard methods based on either t-butyloxycarbonyl (BOC) or 9- 
fluorenybnethoxy-carbonyl (FMOC) protecting groups. This methodology is 
described by G.B. Fields et al. in Synthetic Peptides: A User^s Guide , W.M. 
Freeman & Company, New York, NY, pp. 77-1 83 (1992). The present peptides 
may also be synthesized via recombinant techniques v^ell known to those skilled 
in the art. For example, U.S. Patent No. 5,595,887 describes methods of 
forming a variety of relatively small peptides through expression of a 
recombinant gene construct coding for a fusion protein which includes a 
binding protein and one or more copies of the desired target peptide. After 
expression, the fusion protem is isolated and cleaved using chemical and/or 
enz3anatic methods to produce the desired target peptide. 

The peptides of the present invention may be employed in a monovalent 
state (e.g., free peptide or peptide coupled to a carrier molecule or structure). 
The peptides may also be employed as conjugates having more than one (same 
or different) peptide bound to a single carrier molecule. The carrier molecule or 
structure may be microbeads, liposomes, biological carrier molecule (e.g., a 
glycosaminoglycan, a proteoglycan, albumin, or the like), a synthetic polymer 
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(e.g., a poIyaDcyleneglycoI or a synthetic cbiomatography support), biomateiial 
(e.g., a material suitable for implantation into a mammal or for contact ivith 
biological fluids as in an exticoiporeal deviceX or other ceU. Typically, 
ovalbumin, human serum albumin, other proteins, polyethylene glycol, or die 
5 like axe employed as the carrier. Such modifications may increase the ai^arent 
aflSnity and/or change the stability of a peptide. The number of peptide 
firagments associated with or bound to each carrier can vary. In addition, as 
mentioned above, the use of various mixtures and densities of the peptides 
described herein may allow the production of complexes that have specific 

10 binding patterns in terms of preferred ligands. 

The polypeptides can be conjugated to other polypeptides using standard 
methods known to one of skill in the art. Conjugates can be separated fit>m fi:ee 
peptide through the use of gel filtration column chromatography or other 
methods known in the art 

15 For instance, peptide conjugates may be prepared by treating a mixture 

of peptides and carrier molecules (or structures) with a coupling agent, such as a 
caifoodiinude. The coupling agent may activate a caiboxyl group on either tiie 
pq>tide OET the carrier molecule (or structure) so that the carboxyl groiip can 
react vrith a nucleophile (e.g. an amino or hydroxyl groiq)) on die other member 

20 of the peptide conjugate, resulting in the covalent linkage of the peptide and the 
carrier molecule (or structure). 

As another example, pq^tides may be coupled to biotin-labeled 
polyethylene glycol and then coiqiled to avidin containing compounds, for 
instance, as shown in Fig. 13. Peptides are weighed out in aliquots of 0.S mg 

25 and dissolved in a total volume of 500 ^1 dimethyl sulfoxide (DMSO, 

FtsheiC3ienucaI, Fair I^wn,NJ) in a 1 niLReactiVial containing a flea bar. To 
each ReactiVial, 1 .0 mg BiotiurPEG-NHS, average MW 3400, (Shearwater 
Polymers, Huntsville, AL) is added directiy and tiie vial is moved to a stir plate 
to provide gende mixing. Pyridine (Sigma Chemical, St Louis, MO) is added 

30 as a basic catalyst at a 5% molar »cess to die peptide. The reaction is allowed 
to proceed for 1 9 hours at room temperature with medium stirring. 

After completion of the reaction, the contents of each ReactiVial are 
individually transferred to a 1 .5 mL plastic microfiige tube. Each vial is washed 



21 



wo 01/13937 



PCT/US0Qa3482 



10 



15 



once with 25 \)1 DMSO which is also added to the microftige tube. The volume 
of DMSO is dried down at room temperature to approximately 20 ^il of 
remaining solvent in a Savant Speed Vac Plus. To each tube individually, 980 
^l of Hanks balanced salt solution (HBSS) + 0.1% sodium azide is added. 
Samples are stored at -20°C until coupling to streptavidin-coated beads. 



Reaction scheme boitn^latioii of peptides. 

StreptavidinK^oated 6 ^m diameter polystyrene beads are obtained from 
Polysciences (Warrington, PA). For each peptide, 100 ^1 of suspended beads 
are aliquoted to a 1.5 ml plastic microfiige tube. As per the manufacturer's 
directions, the beads are wa^ed duee times by sequentially pelleting the beads 
in a microcentriiiige, decanting the supenaatant and ledispersing them in 1 ml of 
fiesh phosphate buffered saline (PBS). One third (333 ^1) of fhe biotinylated 
peptide fiom the above preparation is added to the beads in a total volume of 1 
ml. Fn>m the reported binding capacity of the sd:q)tavidin-coat^ 
amount of pegylated pqptide respresents more than a two-fold molar excess, 
thus the biotin binding sites are believed to be saturated. The tubes are mixed 
end-to-end on a lodcer plate at 100 revolutions per minute (RPM) for 1 hour. 
The beads are then washed once as before and resuspended in 1 ml of a 0.1 M 
etfaanolamine solution and mixed <m the rocker plate as before for 30 minutes. 
This step serves to block any potentially unreactedNHS moieties. Hie beads 




19hrs@RT 




22 



wo 01/13937 PCT/US0a(23482 
are again washed once as before and resuspended in HBSS + 0.1% sodium 
azide. In the case of peptides coupled to other entities, it should be understood 
that the designed activity may depend on vAnch end of the peptide is coupled to 
the entity, 

5 The present invention also provides a composition that includes one or 

more active agents (i.e., polypeptides) of the invention and one or more 
j^iaimaceutically acceptable carriers. One or more polypeptides with 
demonstrated biological activity can be administered to a patient in an amount 
alone or together with other active agents and with a pharmaceutically 

10 acceptable buffer. The polypeptides can be combined with a variety of 

physiological acceptable carriers for delivery to a patient including a variety of 
diluents or excipients known to those of ordinary skill in the art. For example, 
for parenteral administration, isotonic saline is preferred. For topical 
administration, a cream, including a carrier such as dimetfaylsulfoxide (DMSOX 

15 or other agents typically found in topical creams fliat do not block or inhibit 
activity oftbe peptide, can be used. Other suitable earners include, but are not 
limited to alcohol, phosphate buffered saline, and ottor balanced salt solutions. 

The formidatiolDS may be conveniently presented in unit dosage form 
and may be prq>ared by any of the methods weU laK>wn in the art of idiannacy . 

20 Preferably, such methods include ^ step of bringing the active ^ent into 
association with a carrier that constitutes one or more accessory ingredients. 

Hie mediods of the invmtion include administering to a patimt, 
preferably a mammal, and more preferably a human, tiie composition of the 
invention in an amount effective to produce Ae desired effect 

25 The peptides can be administered as a single dose or in multiple doses. 

Useful dosages of the active agents can be detennined by comparing their in 
vi<>-o activity and the /nvfvo activity in animal models. Methodsfor 
extrapolation of effective dosages in mice, and other animals, to humans are 
known in the art. 

30 The agents of the present invention are prefembly formulated in 

phamiaceutical compositions and then, in accordance with the methods of the 
invention, administered to a patient, such as a human patient, in a variety of 
fonns adapted to the chosen route of administration. The formulations include. 
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but are not linuted to, those suitable for oral, rectal, vagina], topical, nasal, 
ophtbalmic, or parental including subcutaneous, intramuscular, intrsqiieritoneal, 
intratumoral, intraorgan, intraarterial and intravenous) administration. 

Formulations suitable for parenteral administration conveniently include 
5 a sterile aqueous preparation of the active agent, or diq)ersions of sterile 

powders of the active agent, which are inferably isotonic with tiie blood of the 
recipient Absorption of the active agents over a prolonged period can be 
achieved by including agents for delaying, for example, aluminum monostearate 
andgelatia 

10 Formulations of the present invention suitable for oral administration 

may be presented as discrete units such as tablets, troches, capsules, lozenges, 
wafers, or cachets, each containing a predetermined amount of the active agent 
as a powder or granules, as liposomes containing the active ag»t, or as a 
solution or suspension in an aqueous liquor or non-aqueous liquid sact as a 

15 syrup, an elixir, an emulsion, or a draught Such compositions and preparations 
typically contain at least about 0.1 wt-% of the active agent The amount of 
polypeptide (i.e., active agoit) is such that the dosage level will be effective to 
produce the desired result in the patient 

Nasal spray formulations include purified aqueous or other solutions of 

20 the active agent with preservative agents and isotonic agents. Such 

formulations are preferably adjusted to a pH and isotonic state compatible with 
the nasal mucous membranes. Formulations for rectal or vaginal administration 
may be presented as a suppository with a suitable carrier such as cocoa butter, 
or hydrogenated fats or hydrogenated &tty carboxylic acids. Ophthalmic 

25 formulations are prepared by a similar method to the nasal spray, except tfiat the 
pH and isotonic factors are preferably adjusted to rnatohtimt of the eye. Topical 
formulations include the active agent dissolved or suspended in one or more 
media such as mineral oil, petroleum, pol^droxy alcohols, or oflier bases used 
for topical pharmaceutical formuladons. 
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Examples 

Materials and Methods 

Cell Preparation . Nonnal peripheral blood neutrojdiils were prq>ai^ 
a modification of the method of Boyum as previously described (64) and were 
5 suspended at the indicated concentrations in Hanks' balanced salt solution 
(HBSS) (Gibco, Grand Island, NY). Differential cell counts on Wright-stained 
celk routinely revealed greater than 95% neutrophils. Viability as assessed by 
tiypan blue dye exclusion was greater than 98%. 

AntibocBes and Reagents . The PE-labeled CDl lb mAb (Leu IS) and the 

10 CD62L mAb (Leu 8) were obtained from Becton Dickenson, Mountain View, 
CA. Monoclonal antibodies were diluted in PBS containing 1 mg^ml BSA as 
indicated. N-foimyl-met*leu-phe (FMLP) and normal mouse serum (NMS) 
were purchased from Sigma Chemical Co. (St Louis, MO). Peptides were 
diluted in PBS containing 1 mg/ml BSA as indicated. 

15 Fluorescence labeling of cells . Neutn>]duls were labeled with calcein 

AM (Molecular Probes, Eugene, OR) (65, 66) by incubating 5 x lOVml cells 
with SO (ig of calcein AM for 30 min at 37% in 18 ml of calcein labeling buffa 
(HBSS without Ca^ or Mg^ containing 0.02% BSA). Cells were then washed 
twice with calcein labeling buffer at 23^C and resuspended in the desired media. 

20 Endothelial cell adhesion assay . Neutrophil adhesion to human 

umbilical vein endothelial ceDs (HUVECs) was determined as previously 
described (65-68). Briefly, HUVECs (Clonetics Coip,, San Diego, CA) were 
passaged 1:5 inT-25 flasks (Costar) no more than three times before plating in 
96 well microdter plates at 3000 cellsAwell. HUVECs were grown to 

25 confluence in 96 well microtiter plates in EOM media (Clonetics) and fed every 
24liouis. Using the adhesion assay desmbedbdow, no difiference in resting 
and stimulated neutrophil adhesion was observed, and, as expected (69), no 
difference in surftce exjnession of CD54 (ICAM-I) or CD62E (E selectin, 
ELAM-1) in resting or stimulated cells was noted using HUVECs 

30 passaged once compared with those passaged five tinges. In some experiments, 
the HUVECs were stimulated by culture for the indicated time with the desired 
cytokines (TNF-alpha (Cetus, Emeryville, CA) or gamma-DFN (gift from Dr. S. 
Pahn, University ofMinnesota Medical School)). The wells weietfira washed 
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four times with adhesion buffer (DMEM + S% heat inactivated fetal bovine 
serum (HIFBS)) and 25 \d of adhesion buffer containing the indicated peptide 
was added to each well, followed immediately by 1 00 pi of adhesion buffer 
containing 10^ calcein labeled cells. Twenty-five microliters of adhesion buffer 
5 containing the indicated concentration of FMLP was then added, and the plates 
were incubated at 37C in 5% CO2 for 30 min. The wells were then aspirated 
and washed four tunes with endo wash buffer (HBSS + 4% HIFBS), and the 
fluoiescence was quantitated with a MilUpore fluorescence plate reader using an 
excitation wavelength of 485 nm and an emission wavelength of S30 nm. For 

10 each condition, quadruplicate wells were tested and values are reported as the 
mean +/- SD. Each experiment was performed at least four times using 
different HUVEC subcultures. 

Statistical analyses . Effects of peptides on neutrophil adhesion to 
HUVECs was analyzed by the Mann Whitney U test vfhtn appropriate. 

15 Analvsis of CDl lb and CD62L expression . For analysis of CDl lb 

upregulation, purified neutrophils (10^ in 100 fd HBSS + 0.02% BSA) were 
incubated with media containing the indicated peptide (167 pg/ml) or FMLP 
(10'^M)for lSminat37°C. Thecells were then cooled to 0*€ for 10 min and 2 
(ig oftfaePE-labeled CDl lb mAb was added. The mixture was incubated at 

20 ox; for 25 min, and 4 ml of buffer B (PBS, pH 7.4, 02% BSA, 0.05% NaN3) 
(0^) was dim added and the mixture was centrifuged at 400 x g for 5 min at 
4°C. The supernatant was removed and the cells were vortexed, and suq)ended 
in 1 ml of buffer B (0^ and 250 ml of fixative (Couher) (23%:) was then 
added, lliree ml ofbufferB(0°Q was then added, and the mixture oentrifijtged 

25 at 400 x gat 4^ for 5 min. Thecellswerewashed with3 mlof bufferBas 
above, and resuspended in 200 ml of PBS contaimxig 0.1% NaNa (OT) and 
stcned at 4*t] until analysis. (Quantitative flow cytometric analysis of surfice 
antigen expression was performed using a FACSTAR Phis (Beckton Dickinson, 
Mountain ^^ew, CA). Forward and right angle light scatter, as well as the peak 

30 fluorescence channel, were optimized with fluorescent beads. The cell 
population studied was determined by forward and right angle light scatter. 

For analysis of CD62L down regulation, purified neutrophils (10^ in 100 
[d HBSS + 0.02% BSA) were warmed to 37% for 5 min and then incubated 
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with media containing the indicated peptide (167 fig/ml) or FMLP (10'^ M) for 
5 min at 37°C. The cells were then cooled to O^'C for 10 rain and 5 jig of the 
PE-labeled CD62L mAb was added. The cells were then incubated, washed, 
and analyzed by flow cytometry as above. 
5 Peptide selection, synthesis, and purification . CD66a was modeled to 

conform to the IgV and Ig C2 domains of the heavy and light chains of Fab 
firagments of immunoglobulin and CD4. 

Peptides wm ^thesized as amides by Fmoc solid-phase methodology 
on a Gilson Automated Multiple Peptide Synthesizer AMS 422. Pq>tides were 
10 purified by preparative reverse phase-HPLC on a Beckman System Gold 
equipped with a Re^s Chemical ODS C18 column (10 ^m particle size, 60 
Angstrom pore size, 250 x 21 .1 mm). The elution gradient was 12-50% B over 
35 min at a fliow rate of 5.0 ml/min, vrfiere A is water containing 0.1% 
trifluoioacetic acid, and B is acetonitrile containing 0.1% trifhioroacetic acid. 
15 Detection was at 235 nm. Peptide purity and fidelity can be analyzed by amino 
acid analysis and sequencing or by mass spectrometry* 

Once the first peptides were screened in our adhesion assay (Fig. IXthe 
amino adds in fhe po^tive peptides, CD66arl, CD66a-2, and CD66a-3, were 
rand(»nly scrambled and flie control pqrtideswoie synthesized (Table n). The 
20 scrambled amino acid reddue peptides were &en tested in the same assays in 
(»der to ensure that the primary amino acid sequences were essential for tibe 
fiinctioiial activity of these peptides, and that the biological activity was not 
merely due to the peptides' net charge or amino acid composition (Fig. 3). 

Flow cytometry demonstrated that CE)66a>l, CD66z-2, and CD66a-3 
25 upiegulated CDl 1 b and down regulated CD62L neutrophils (Fig. 4). 

We next completed the synthesis of peptide CD66a-7 and found that it 
has similar activity as CD66a-l (Fig. 5). 

Since peptide CD66a-6 was not soluble we synthesized peptides fiom 
the same regi<m but shifted the center of the peptide in an attempt to generate a 
30 soluble peptide. One peptide, CD66a-^, (Table I) was successfully 

synthesized, tested, and found to stimulate neutrophil adhesion to HUVECs 
(Fig. 6). 
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Since only the N-domain peptide of CD66a had activity in the neutrophil 
activation assay we modeled CD66b, CD66c, CD66d, CD66e, and CD66f N- 
domains and synthesized appropriate peptides as shown in Tables HI-VIII. Of 
these peptides, only peptide CD66e-3 activated neutrophils (Fig. 7). Hwse 
5 results are noteworthy in that many peptides that have only minor differences 
from active peptides had no biological activity. 

Method #1 for adhesion a^ ^^ y of CHO t ransfectant binding to 
immnhilized re ^nmhrnflnt C! D6fia f Assay »l\ Stable CHO cell transfectants 

10 expressing CD66a (CEACAM1-4L) CEACAM1-4S, CEACAMl-lS or the 
neomycin resistance gene (CHO-Neo) (provided by Dr. S. Watt, MRC, Oxfoid, 
UK) were grown to 50-70% confluence in Hams-FlO medium containing 10% 
(v/v)FBS. Adherent celk were detadiedwidi PBS containing ImMEDTApH 
7.4, washed three tunes with Hams-FlO medium, and resu^pended in Hams-FlO 

15 medium at 2 x 10* cells/mL The fluorescent dye 2*,7'-bis-(2-carboxyeth3d)-5- 
(and -^><:arboxfluoresceinacetoxymetfaylester (BCECF-AM); Molecular 
Probes, Eugene, OR) was dissolved in DMSO at 500 |ig^ and 20 )d added ^ 
2 X 10^ cells for 20-30 min at 3T*C. Cells were washed twice with RPMI-1640 
medium and twice with PBS containing 0.2% BS A (PBS-0.2%BSA). Cells (5- 

20 10 X 10^ in PBS-0^%BSA were added to 96 welllmmulon 3 flat bottomed 
microtiter plates (Dynatech) that had been pre-coated as follows. Purified goat 
anii-human Fc antibody (Sigma Chemical Co.) was added to 96 well flat 
bottomed Immulon 3 plates at 1 ng/100 ^U/well at 4*'C overnight The idates 
were washed 4 times with PBS containing 0.5% BSA (PBS-0.5% BSA) and 

25 blocked with PBS-0.5% BSA for at least two hours at room temperature. After 
washmg the plates 4 times with PBS, 50 ^d of soluble recombinant protein 
containing the Fc fragment of human IgGl attached to CEACAMl 
(CEACAMl-Fc) or other indicated protein (10 ^g/ml) in PBS were added for at 
least 2 hours at room temperature or overnight at 4^. The plates were washed 

30 4 times with PBS before the addition of 100 pi of cells. CHO ceU transfectants 
labeled with BCECF-AM were allowed to adhere for 60 min at 37X: before 
reading the total BCECF-AM fluorescence in each well on a Cytofluor II plate 
reader (PerSqitive Biosystems, Hertford, UK) at an excitation wavelength of 
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485/20 mn, a gain of 70 and an emission wavelength of 530/30 nm. The plates 
were washed one to three times with PBS-0^% BSA and the percentage of cells 
adhering to the constructs estimated from the subsequent fluorescence 
determinations on the Cytofluor II. Adhesion assays were performed with 4 to 
5 6 replicates in at least two independent experiments. 

Method #2 for adhesion assay of CHO transfectant bi nHinp to 
immobilized recombinant CD66a (Assay #2) . CHO cells tiansfected with 
BGPa cDNA (courtesy Dr. M. Kuroki) were grown in a-MEM (Gibco Inc^ 

10 Grand Island, NY) lacking nucleosides with 10% FBS (Bio-Whittaker» 

Walkersyille, MD) and antibiotics. Cell cultures were maintained by passing 
1:10 in T-25 flasks approximately eyery 3 days. Fcm: tfie assay, one T-2S of 
cells near confluence was trypsinized and the collected population was washed 
once with growth media and resuspended 0.5 mL growth media. Toobtaina 

15 single-cell suspension, cells were passed sequentially through an 1 8-gauge, 22- 
gauge and 25-gauge needle. 

One pg of protemin 50 ill of PBS was dried down in a well of a 96-weIl 
plat€. Wells weie incubated with 0.5% BSA in PBS (200 id/weU) for bloddng 
for 4 hours at room temperature. CHOtraiisfectantsecqxiessiiigthesQqpropriate 

20 CD66 fimily member wore incubated in serum-free MEM containing 25 |ig/rol 
H33342 dye at 1 X 1 0^/ml for 30 min at 3TC (other dyes such as calcein can be 
used). After washing, cells were suspended m PBS at 1 xlO^/ml. PBS(3Siil) 
and 15 iil (15 (ig) of peptide solution was added into a protein-coated well, and 
thm 5 X 10^ cells (50 jd) labeled with dye were added. After yortexing gently, 

25 the plate was incubated at room temperature for 25 min in tiie dark. Eachwell 
was gently washed with 100 \d PBS twice. Remaining cells w«:e solubiiized in 
100 lUAvell of PBS containing 02% NP40 and fluorescence was measured by a 
microplate reader. 

The data is shown as percent of added cells that remained adherent 

30 Control yalues "0" and ** 1 000" represent the adhesion observed when no CD66a 
protein is adherent to the well, or \^en buffer is added without pqstide, 
req)ectiyely. Control values '^O.Or represent the adhesion observed in the 
presence of a blocking CD66 antibody. 
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Assa y for binding of peptides coupled to beads to CHO cel ls eypres5Hng 
recombinant CI>66a- CHO cells transfected mth BGPa cDNA were grown and 
prepared as in Assay #2. To each tube containing 10 ^Ipeptide-bound beads 
5 (q>proximately 300»000 beads) 20 ^1 of cell suspension was added and mixed 
gently. The tubes were then incubated for 30 minutes at room temperature. 

After incubation, aliquots were taken fiom each tube and placed on a 
glassslide. For each sample, data was quantified by viewing five separate 
fields under a scope at 12Sx magnification and counting tfie number of beads 
10 associated with single cells or groiq)ings of cells in three size classes. 



Exam ple 1 - Effect of peptides on neutrophil activation determined bv adhesion 
t Q endothelial cells 

15 The CD66a peptides were tested for their ability to alter neiitrophil 

adhesion to human umbilical vein endothelial cells (HUVECs) stimulated for 48 
hours with 1000 UAnl gamma-mt^eron and SO ng/ml TNF-alpha (Fig. 1). 
When neutrophils were incubated far 30 min in the presence of media 
containing 167 pgAxdofeadi peptide wiA these HUVECs, and washed as 

20 described in the Endothelial Adhesion Assay, three pqitides (CD66a peptides 
CDSSst-U CD66a-2, and CD66a-3) augmented neutrophil adhesion 
approximately two-fold compared with media (Fig. 1, solid bars). This effect 
was moiepax>minent in tte presence of 10'^ MFNAJP(hatdied bars). In 
contrast, the other peptides did not alter neutrophil adhesion when conqMued 

25 with incubation m mediaalone. Siniilarresutewm obtained using HUVECs 
stimulated for 4 hours witti S 0 ^gM TNF-alpha (not shown). 

llie three peptides that specifically induced neutn>phil adhesion were 
finther tested for their effects on the adhesion of neutrophils to TNF stimulated 
HUVECs. Each of the three CD66a peptides, CD66a^l, CD66a-2, and CD66ap 

30 3, increased neutrophil adhesion to HUVECs at concentrations as low as SO 
(ig/ml (approximately 35 \iM) in the presence of FMLP (Fig. 2). To confimi 
that the activity of these peptides was due to the sequence and not simply a 
chaige effect, three scrambled versions were made of each active peptide (Table 
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II) and tested in the adhesion assay. In contrast to the native peptides, none of 
the 9 scrambled p^tides had activity in the adhesion assay (Fig. 3). 

FYflm ple 2 - Effect of peptides on neutroph il activation detemiined by 

5 ex pression of surface C Dl lb and CD62L 

Effect of CD66a peptides on GDI lb expression . The effects of the 
peptides on surface expression of CDl lb on neutrophils was next examined. 
While neutrophil adhesion to HUVECs is dependent on the functional activity 
of surface CDl 1/CDl 8, many adhesive stimuli also upregulate the surface 

10 expression of CDl 1/CDl 8, and this may play a role in regulating ceU adheaon 
as well (70-72). To determine if an alteration in the surface expression of 
CDl 1/CDl 8 could contribute to the effect of the CD66a peptides on neutrophil 
adhesion, CDl lb e3q)ression was analyzed by flow cytc»netiy. Since CDl 1 and 
CD 1 8 are translocated to the cell surface only when they are c(»nplexed with 

1 5 each other, the use of a directly labeled CD 1 1 b mAb was used to demonstrate 
iqn^ulaticmofCDlSaswellasCDllb. When neutrophils were incubated 
with HBSS for 1 5 min at 37*0 and then reacted wiA a PE-labded CD 1 1 b mAb, 
CD 1 1 b expiession was readily detected by flow cytometry (MCF = 5 84) (Fig. 
4, top panel). As e3q>ected, when neutroi^ms were incubated with FMIJP 

20 M) for 1 5 min, CD 1 1 b apresdon was increased (MCF = 709) (second panel). 
When neutrophils were incubated with 167 jigtol of the CI^ 
1 (MCF ^ 704) (third panel), the CD66a pqrtide CD66a-2 (MCF = 713) (fourth 
panel), or the CD66a peptide CD66a.3 (MCF = 714) (fifth panel), CDl lb 
expressicm also increased, similar to that seen with incubation with 1 0'^ M 

25 FMLP. In contrast, incubation with the scrambled CD66a peptide CD66a-l-Sl 
resulted in similar CDl lb e3q)ression as incubation with HBSS (MCF = 581) 
(bottom panel), as did Ae other eight scrambled peptides (not shown). 

Effect ofCD66a peptides on CD62L expression. The effects of the 
peptides on surface expression of CD62L on neutrophils was next examined. L- 

30 selectin, recognized by CD62L mAbs, also plays a role in neutrophil adhesion 
to endotiielial cells, and its expression is altered by stimulation (70, 72). To 
deteraune if die surface expression of CD62L could be altered by CD66a 
peptides, CD62L expression was analyzed by flow cytometry. When 
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neutrophils were incubated with HBSS for S min at 37^, and then reacted with 
a PE-labeled CD62L mAb, CD62L expression was readily detected by flow 
cytometry (MCF = 548) (Fig. 4, top panel). When neutrophils were incubated 
with 10"' M FMLP, CD62L expression decreased as expected (MCF = 256) 
5 (second panel). Sinularly^ when neutrophils were incubated with the CD66a 
peptide CD66a-l, (MCF = 230) (third panel)» the CD66a peptide CD66ar2 
(MCF = 243)(fourth panel), or the CD66a peptide CI>66a-3 (MCF = 229) (fifth 
panel)» CD62L expression also decreased. Incubation with the scrambled 
CD66a peptide CD66a-l-Sl did not alter CD62L expression (MCF = 546) 
10 (bottom panel). Similarly, none ofthe other eight scrambled peptides altered 
CD62L expression (not shown). 

As described above, three other peptides from the N-domains of CD66a, 
b, c» d, and e, but no other N-dbmain peptides^ were also found to activate 
neutrophil adhesion to HUVEC^s (Hgs. S-7). 

15 

Exai ppl^ ^ - Modulation o f htndittp of CHO cells expressing recombinant CD66 
family members to recoi Di^^i"^ C^ 066 family member protein.^ ytlM p lmy* 
bindinpassav#l 

Homotypic and hetero^ic adhesion was assayed using two diffioent 
20 techniques* In Assay #1 the adhesion of CHO cells expressing recombinant 
CD66a to recombinant CD66arFc bound to anti-Fc immobilized to a microtiter 
well was quantitated in the presence and absence of peptides. Four peptides 
were found to block CD66a-CD66a adhesion in this assay: CD66a-17; CD66a- 
18; CD66a-19; and CD66ar24 (Fig. 8). 
25 In Assay #2 the adhesion of CHO cells expressing the appropriate CD66 

family member to the desired recombinant CD66 family member immobilized 
to a microtiter well was quantitated in the presence and absence of peptides 
(Figs. 9-12). 



30 Example 4 - Binding of microbeads coupled to peptide CD66ar24 to CHO 
trairgfertan ts expressing CD66a 

One ^plication of these peptides is their use to target binding of larger 
structures to specific cells/tissues. The complexing of one or more of the 
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described peptides to a larger entity should result in binding of the complex to 
cells expressing the appropriate Ugands (for example, CD66a in tumors or 
CD66a in growing endothelial cells involved in an^enesis). 

CD66a-24 and CD66a-l peptides were coiq>led to miorobeads and the 
5 nricrobeads were incubated with a suspension of CHOcelkcxpicssmgCD^ 
at room temperature for 30 min. Hie binding oftheinicrobeads to the CHO 
cells was quantified by counting the number of beads associated with single 
cells or groups of cells in three ceU-group size classes and are reported as the 

number of microbeads bound to each size group of cells (Fig. 13A). Fig. 13B 
10 shows the number ofbeads associated with single cells, v»*idi are rqwrted as 
the average number of microbeads bound to each single cell. The lack of 
binding ofCD66a-l coupled beads serves as a negative control fisr Has 
experiment but does not imply that a different coi5>ling technique would not 
result in binding. 

15 

] t?yamp1». ^ - Effect »f <yf pefitides on T-ce11 activation 

Cytotoxic iyinidiocytes are felt to play a key role in the immune 
reqxmse to maUgnant transformation. T-cells play an important role in the 
immune system, and a number of cell-surface molecules have been found to 
20 regulate T-ceU activation (88, 90. 91, 92). Hius, we tested the effects of CD66 
peptides on T-ceU activation as determined by proliferation foUowing 

stimulation by anti-CD3. 

Blood lymphocytes were stimulated by anti-C3)3 in vitro in tfie presence 
of the indicated peptides and proliferation was determined by radioactive 
25 nucleotide incorporatioa The data are reported as cpm +/- SD. Biological 
activity was detected in this assay for peptides: CD66a-24 
andCD66e-29(Fig.l4). 



piscusMon 

Pqrtides were synthesized ftom regions of CD66 fiumly membeis tiiat 
we predict may be exposed on the surface of the molecule. Three of the 
peptides were found to have activity in an assay examining stimulated 
neutropbU adhesion to HUVECs. These same three peptides also stimulated 
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upregulation of CD! lb/CD18 and down regulation of CD62L on the neutrophil 
surface. Scrambled versions of these peptides had no biological activity in 
either assay, suggesting that the specific amino acid sequence is critical for 
activity. Thus, the data suggest that peptide motifs firom at least three regions of 

5 the N-temiinal domain of CI>66a are involved in the interactiwi of CD66a with 
other ligands and can initiate signal transduction m neutrophils. Three other 
peptides from CD66 family members also stimulated neutrophils. 

Several other studies have proposed structural motifs of CI>66a fionily 
proteins (16, 21,73). 

10 All neutrophil activating peptides identified in this study are derived 

fiom the N-tenninal domains of CD66a or CD66e. Studies of transfectants and 
recombinant proteins have suggested that the N-terminal domain is critical for 
tiie homotypic and heterotypic adhesion activity of CD66a <12, 21, 23, 25, 
32)» Studies using domainiq^ecific mAbs have also suggested tibat the N- 

15 domains of CD66 femily members are important in homotypic adhesion <2!, 
24>. However, studieshavealsosuggesteddiattheAl,Bl, or A2 domains 
may also be inqportant in homotypic adhesion, and may interact with the N- 
domain (12, 19, 20, 22, 23). 

Attfaough carbohydrates on CD66 fimily members may play important 

20 roles, the protein backbone itself q>pears to have unportant activity in this and 
other studies. For example, bacterial fusion proteins firee of carbohydrates 
containing tiie N or A3B3 domains of CD66e can block CD66e homotypic 
adhesion, demonstrating that protein-protein interaction is involved in CD66e 
homotypic adhesion (23). Deglycosylated forms of CD66b and CD66c retain 

25 heterotypic adhesion activity (31), further demonstrating that carbdiydrates are 
not necessary for their adhesion fimctions. In addition, both recombinant N- 
terminal domains of CD66a and CD66e expressed in Escherichia coli bind Opa 
proteins with the same specificities as native CD66 moleciiles, and 
deglycosylated forms of CD66e bind bacterial Opa proteins (50) . 

30 Site directed mutagenesis studies of the related proteins C-CAM-105 

and CEA (CD66e) have identified regions inqx)rtant for c^tain fimctional 
activities. For example, die integrity of Arg-98 in the consensus ATPase 
domain (GPAYSGRET) of C-CAM-105 is essential for homotypic aggregation 
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(58). This arginine is highly conserved in Ig domains, being important in 
fonning a salt bridge with a highly conserved aspartate within the same domain 
(16). In our model the consensus ATPase domain is present in the sequence of 
peptide CD66a-5. However, peptide CD66a-S had no activity in our assay. 

5 The finding that these short peptides can stimulate neutrophils, as can 

CD66a mAbs (26-28, 67, 74, 75) suggests that they have significant afiSnity for 
a surface structure, possibly native CD66a. If so, whether the activity derives 
from binding native CD66a and transducing a signal directly, or by another 
mechanism will require further study. The ability of the synthetic peptides 

10 described here to activate neutrophils could be mediated by alterations in 

CD66a dimerization, possibly by disnqjting a preexisting association of CD66a 
with other CD66 members (including CD66a itself in the form of dimers or 
oligomers already present on the cell surface) or by stimulating dimerizatioiL It 
has been suggested that CD66a (76) and CD66e (77) exist on the cell surface as 

15 dimers, DimerizationofCD66a could potentially occur via interactions 
between the extracellular domains of CD66a molecules or via other 
mechanisms- In other receptor systems (e g. EGF-monomeric, PDGF-dimeric), 
it is clear that bivalency of ligand is not necessary to induce receptor 
dimerization (78-81). Finally, tfie observed fimctional "stimulation" could 

20 reflect either "stimulation" per se or posdbly release fnm a baseline inhibition. 

Hie mechanisms by w^iich CD66 &mily members transnut signals (e.g. 
activation m neutrophils, immune suppression of T-lymjAocytes, or growth 
regulating signals ui epithelial cells and carcmomas) are unclear. CD66ai$ 
phosphorylated in neutrophils and colon cancer cells (4, 59-61), and associated 

25 piotein kinase and phosphatase activity may be involved (59, 62). Atleasteigbt 
isofonns of CD66a derived fi^omdiflFciential splicmg have been described (3, 
12, 13, 25). These isofi>rms contain one N-domain, eiflier three, two, or no Ig 
C2-l2ke domains, and eiflier a short or a long cytoplasmic tail. Qnlytiiose 
isofoxms witii a long cytoplasmic tail can be phosphcvylated on ^nro^ne, and 

30 ooty the isoform with tour Ig domains and a long cytoplasmic tail (the ony 
isofbrm detected in neutrophils) have been implicated m signaling. The 
cytoplasmic domam of neutrophil CD66a contains an immune tyrosme 
inhibit<»y motif (TTIK^, as well as a motif similar to ITAM (unmune tyrosme 
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activating motif) (3, 59). Phosphorylation of ITAMs and ITIMs leads to 
binding of protein tyrosine kinases and protein tyrosine phosphatases, 
respectively, which leads to modification of signal transduction (62, 63). 
Cahnodulin has also been found to bind to the cytoplasmic domain of CD66a, 
causing an inhibition of homotypic self-association of CD66a in a dot-blot assay 
(82). CD66a has also recentiy been shown to dimerize in solution, and calcium- 
activated cahnodulin caused dissociation of CD66a dimers in vitro; suggesting 
that CD66a dimerization is regulated by cahnodulin and inlraceUular calcium 
(76). It has been suggested that CD66a dfanerization could also be influenced 
by phosphorylation; CD66a is phosphorylated on Thr-453 in the cahnodulin 
binding site by protein kinase C (3). Clearly, dimerization of CD66a could 
affect binding of other signal regulating molecules. 

CD66 family members appear to be involved m a wide variety of 
important biological processes, and their differential expression provides the 
possibility for diverse interactions. For example, CD66a, CD66b, CD66c, and 
CD66d, but not CD66e, are expressed on neutrophils; CD66e is expressed on 
many tumor ceUs but not leukocytes; CD66b is expressed on neutioiAils but not 
epidielial cells; CD66c is expressed on both neutrophils and epithelial cells 
(reviewed in (1) and (13)). While CD66a was ori^nally desoibed in Wliary 
canalicuK, it has since been found in cardnomas as weU as normal tissues, 

inchiding: sebaceous glands (83, 84). neutrophils, placenta, stomach, breast, 
pancreas, tiiyroid. prostate. lung, kidney, uterus, and colon (reviewed in (1) and 
(25)). Tlie surfece eaqwession of these molecules in other cells may also be 
regulated; for example. CD66a expression is induced on HUVECs foUowing 
treatment with gammapIFN (10). In addition, surfece ejqnession of CD66 
femily nien*ers may be regulated by oflwr stimuli and tijis may modiftr the 
signal transduction capabilities ofceU surfece CD66 molecules. Finally, studies 
have shown that certain bacteria Wnd to some CD66 fanuly members on 
neutrophils (45-50, 85. 86) and this interaction may also resuh in signal 
transduction resulting in modification of neutrophU activity. The major receptor 
for murine hiqatitis virus is a murine CD66a equivalent (51) (52-55) and studies 
suggest that Uiis virus uses different murine CD66 fanuly members as the major 
nsceptor in different tissues (55). A recent consensus was reached that will 
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rename the CD66 antigens as follows: CD66a antigen, CEACAM-1 ; CD66b 
antigen, CEACAM-8; CD66c antigen, CEACAM-6; CD66d antigen. 
CEACAM-3, CD66e antigen, CEA (14). 

CD66 members appear to play an important role in inflammation^ Each 

5 of the CD66 family members expressed on neutrophils, CD66a, CD66b, CD66c, 
and CD66d, axe capable of transmitting activation signals in neutrophils, and 
neutrophil CD66a and CD66c qppcar to be able to present CD15s (a ligand for 
ELAM-1 or E-selectin) to E-selectin on endothelial cells in a functional way 
(26). Recent studies have demonstrated the presence of CD66a on T- 

10 lymphocytes and a subset of NK cells (CD16., CD56+) that predominate in 
decidua (87), and CD66a is upregulated in activated T-cells (87). Finally, 
CD66e expression by tumor cells is conelated with resistance to NK/LAK cell 
mediated lysis (88, 89). Thus, diese data suggest that soluble CD66 fimily 
members could contribute to the immunosiqppresaon often found in patients 

15 wifli cancer. 

The biolo^cal activity of the peptides identified here suggests ttiat they 
msy have sufficiait afGnity to make fliem potential candidates for drug 
localization to cells cxpresang flie ^propriate surfece structures. 
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Function and/or Homology to Function 


Incr PMN Adhesion to HUVECs 


Incr PMN Adhesion to HUVECs 


Incr PMN Adhesion to HUVECs 








Incr PMN Adhesion to HUVECs 






Homolog CD66b-10, CD66c-10 




Homolog CD66C-12 
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NO 
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tS 
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NO NO 
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Peptide Sequence 


SMPFNVAEGKEVL 
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Incr CD66a-CD66a Adhesion 
(Transfectant Binding Assay #2) 






Homolog CD66e-31 








Incr PMN Adhesion to HUVECs; 
Deer CD66a-CD66a Adhesion 
Deer CD66b-CD66c Adhesion (Transf 
Binding Assay #2) 
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CD66C-6L 

Shift CD66a-6 to left 
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Incr CD66a-CD66a Adhesion 


Homolog CD66a-16 


Homolog CD66a-17, CD66c-17, 


Homolog CD66a-18 


Homolog CD66a-19, CD66c.l9 




Homolog CD66a-21 
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Shift CD66b-5 to 


Shift CD66b-6 to 


SDPVTLNVTYGPDT 


PSDTYYHAGVNLNL 


AASNPPSQYSWSVN 
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Homolog CD66a-l 


Homolog CD66a-2, CD66e-2 


Homolog CD66a-3 








Incr PMN Adhesion to HUVECs 






Deer CD66b-CD66c Adhesion 
(Transfectant Binding Assay #2) 




Deer CD66b-CD66c Adhesion 
(Transfectant Binding Assay #2) 
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Incr CD66a-CD66a Adhesion 
(Transfectant Binding Assay #2) 


so 
NO 
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Deer Ca)66b-CD66c Adhesion 
Deer CD66c-CD66c Adhesion Deer 
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(Transfectant Binding Assay #2) 
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CD66a-6L 

Shift CD66C-6 to left 
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Function and/or Homology to Functional 
Peptide 


k 

VO 

1 


Deer CD66e-CD66e Adhesion 
(Transfectant Binding Assav #2^ 


Incr PMN Adhesion to HUVECs 
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IGYVIGTOQATPG 
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\ 
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Homolog CD66a-lS 


Homolog CD66a-15 


Homolog CD66a-16 


Deer CD66b-CD66c Adhesion 
DecrCD66c-CD66c Adhesion 
Deer CD66e-CD66e Adhesion 
(Transfectant Binding Assay #2) 
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Functional Peptide 


Homolog CD66a-l 


Q 
U 

NO 
P 

U 

00 

o 

1 


Homolog CD66a-3 








Homolog CD66a-7 






o 

NO 
NO 

8 

i> 

VO 

i 

s 

1 




Homolog CD66C-12 






SEQIDNO: 


oo 


Os 




oo 
f— 1 


NO 
OO 


oo 




00 

oo 


o\ 
oo 




o 

as 




5! 


OS 


Identical to 
Peptides from 
other CD66 
Families 






























Peptide Sequence 


AQPPKVSEGKDVLL 


i 


1 

s 


o 

Q 

>: 

CO 


IIYGPAYSGRETVY 


LLIQNVTRKDAGTY 


i 


U 

X. 


1 

1 

i 


SNLNPREAMEAVRL 


PETLDASYLWWMNO 


NGQSLPVTHRLQLS 


1 LQLSKTNRTLYLFG 


YLFGVTKYL\GPYE 


H 

1 

s 

CO 
CO 

> 


Peptide Name 


f— * 
A 

r—i 

<o 
Q 

U 


5 i 
o > 


S- i 

O ' 

o * 

( 

J { 


X 

i 

o 

J 


vn 
A 
»— 1 

<o 
Q 


X ! 

vo V 
SO V 

Q 


A 

o 
o 

J 


oo 

A 

& 
o 

o ^ 
C> 1 
L> ( 


A 

kO 

21 
J 


o 
X 

3 


A 

& 
o 

kO 

□ 


A 

so 
vo 
Q 
L) 


A 

S- 

so 
so 
Q 


A 



54 



wo 01/13937 



PCTAJSOa/23482 











On 

8 
























Homolog CD66a-lS 
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WHAT IS CLAIMED IS; 

1 . An isolated peptide comprising an amino acid sequence represented by 
SEQ IDNOs:l-100, 119, 143, 157, 161, 178, 187, or analogs thereof 
that modulate the function of at least one CD66 fionily member and/or at 
least one ligand tiiereof. 

2. The peptide of claim 1 represented by SEQ ID NOsrl-lOO, 119, 143, 
157,161, 178. or 187* 

3- The peptide of claim 2 represented by SEQ ID NOs:l, 2, 3. 4, 7-15, 17, 
22, 32, 33, 35, 37, 39, 41, 47, 53, or 54. 

4. The peptide of claim 1 which is capable of modulating at least one of the 
following: 

activation of neutrophils; 

activation or inhibition of T-cells, B-cells, NK cells, LAK cells, 
dendritic cells, or other immune system cells; 

proliferation and/or differentiation of T-cclls, B-cells, NK cells, 
LAK cells, dendritic cells, or other immune system cells; 

proliferation and/or differentiation of epithelial cells; 

homotypic and/or heterotypic adhesion among CD66 £unily 
members; and 

adhesion of CD66 family members to other ligands. 

5. The peptide-of claim 1 vriiich is conqplexed with a carrier molecule or 
structure to foim a peptide conjugate. 



6. The peptide of claim 5 «4ierein fhe carrier molecule or structure is 
selected from the group of microbeads, liposomes, biological carrier 
molecules, synthetic polymers, biomaterials, and cdls. 
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7. The peptide of claim 6 wherein the peptide conjugate binds to cells 
expressing a CD66 protein or a CD66 ligand. 

8. The peptide of claim 5 wherein the peptide conjugate includes a label. 

9. The peptide of claim 1 \^ch is attached to a label. 

10. The peptide of claim 9 \rficrein the label is selected fiom the group 
consisting of a fluorescent tag, a radioactive tag, a magnetic resonance 
tag, an enzymatic tag, and combinations thereof. 

1 L A method of activating a neutroi^l comprising contacting the 

neutrophil with at least one peptide or peptide conjugate comprising an 
amino acid sequence represCTted by SEQ ID NOs:l, 2, 3, 4, 17, 41, or 
analogs thereof 

12. The m^od of claim 11 i^erein the peptide is represented by SEQ ID 
NOs:l,2,3,4,17,or41. 

13. The method of claim 1 1 which is carried out in vitro. 

14. The method of claim 1 1 which is carried out in vivo. 

15. A method of blocking the activation of a neutrophil induced by the 
method of claim 1 1, the method comprismg contacting the neutrophil 
when in the presence of at least one of the peptides listed in claim 1 1 
with at least one peptide or peptide conjugate comprising an amino acid 
sequence represented by SEQ ID NOs:18-21, 28-31, 39, 40, 55-59, 68- 
71, 84, or analogs thereof. 

16. The method of claim 15 wherein the peptide is reiMresented by SEQ ID 
NOs:18.21, 28-31, 39, 40, 55-59, 68-71, or 84. 
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17. The method of claim 1 5 which is carried out in vitro. 

1 8. The method of claim 1 S which is carried out in vivo. 

19. A method of modulating the homotypic and/or heterotypic adhesion of 
CD66 family members or adhesion of a CE>66 protein to a CD66 ligand; 
the method comprising contacting CD66 family members and/or their 
ligands with at least one peptide or peptide conjugate comprising an 
amino acid sequence represented by SEQ ID NOs:7-15, 17, 22, 32, 33, 
35, 37, 39, 47, 53, 54, or analogs thereof. 

20. The method of claim 19 \i^erein the peptide is leinesented by SEQ ID 
NOs:7-15, 17, 22, 32, 33, 35, 37, 39, 47, 53, or 54. 

21. The method of claim 19 which is carried out in vitro. 

22. The method of claim 19 i^ch is carried out vivo. 

23. A method of altering the modulation of the homotypic and/or 
hetmtypic adhesion of CD66 family members or adhesion between a 
CD66 protein and a CD66 ligand induced by the method of claim 1 9, the 
method comprising contacting CD66 family members and/or their 
ligands ^en in the presence of at least one of the p^tides listed in 
claim 19 with at least one peptide or peptide conjugate comprising an 
amino acid sequence represented by SEQ ED NCte:2, 5, 6, 9, 1 1, 16, 19, 
23-28, 30, 32, 34-38, 40, 42, 43^7, 49-52. 55, 57, 60-67, 69, 72-100, or 
analogs thereof. 

24. The method of claim 23 wherein the peptide is represented by SEQ ID 
NOs:2, 5, 6, 9, 1 1 , 16, 19, 23-28, 30, 32, 34-38, 40, 42, 43^7, 49-52, 55, 
57, 60-67, 69, or 72-100. 

25. The method of claim 23 which is carried out in vitro. 
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The method of cWm 23 which is carried out in vim. 

A method of modulating immune ceil activation, proliferation, and/or 
diflFerentiation; the method comprising contacting an immune cell wifli 
at least one peptide or peptide conjugate comprisii^ an amino acid 
sequence represented by SEQ ID NOs:14. 53, or analogs thereof. 

The method of claim 27 wherein the peptide is represented by SEQ ED 
NOs:14or53. 

The method of claim 27 wherein the unmune cell is selected bom the 
group of a T-cell, a B-cell, a LAK ceU, an NK ceU, a dendritic cell, and 
combinations thereof. 

The mediod of claim 27 which is carried out in vitro. 

The method of claim 27 which is earned out in vivo, 

A method of modulating at least one of the following functions of CD66 
6milymembersand/orligandsthca:eofin cells: activationof 
neutrophils; activation or inhibition of T-cells, B-cells, NK cells, LAK 
cells, dendritic cells, or other immune system cells; proliferation and/or 
diffcicntiatiQn of T-cells, B-ceUs, LAK ceBs, NK cells, dendritic cells, 
or other immune system cells; prolifiaration and/or dififerentiation of 
epithelial cells; homotypic and/or heterotypic adhesion among CD66 
family members; and adhesion of CD66 family members to other 
ligands; die method comprising contacting ceUs with at least one peptide 
or pq>tide conjugate comprising an amino acid sequence represented by 
SEQn)NOs:l-100, 119, 143, 157, 161, 178, 187, or analogs thereof. 

A method of delivering a therapeutically active agent to a patient 
comimsing administering at least one peptide conjugate comprising a 
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peptide and the therapeutically active agent to a patient wherein the 
peptide comprises ah ammo acid sequence represented by SEQ ID 
NOs:l-100, 1 19, 143. 157, 161, 178, 187, or analogs thereof. 

5 34. The method of claim 33 wfaerem the therapeutically active agent is 

selected from drugs, DNA sequences, RNA sequences, proteins, lipids, 
and combinatiotts thereof. 

35. The method of claim 33 vsdierein the therapeutically active agent is an 
10 antibacterial agent, antiinflanunatory agent, or antineoplastic agent 

36. A method of modifying the metastasis of malignant cells comprismg 
contacting the malignant cells or normal host tissue with at least one 
peptide or peptide conjugate comprismg an amino add sequence 

15 represented by SEQ ID NOs:l-100, 119, 143, 157, 161, 178, 187,or 

analogs thereof. 

37. A method of altering bacterial or viral binding to cells or a biomaterial, 
ibc method comprising ocmtacting the cells or biomaterial with at lea^ 

20 one peptide or peptide conjugate comprismg an amino acid sequence 

represented by SEQ ID NOs:l-100, 119, 143, 157, 161, 178, 187, or 
analogs thereof. 



38. A method of altering cell adhesion to a biomaterial, the method 
25 comprising contacting the biomaterial with at least one peptide or 

peptide conjugate comprising an amino acid sequence represented by 
SEQ ID NOs:l-100, 1 19, 143, 157, 161, 178, 187, or analogs thereof. 

39. A method of detecting tumors comprising contacting tumor cells or 
30 tumor vasculature with at least one peptide or peptide conjugate 

comprising an amino add sequence rqyresented by SEQ ID NOs: 1-100, 
119, 143, 157, 161, 178, 187, or analogs thereof. 
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A method of detecting inflammatioii comprising contacting inflamed 
vasculature or leukocytes with at least one peptide or peptide conjugate 
comprising an amino acid sequence represented by SEQ ID NOs:l-100. 
119, 143, 157, 161, 178, 187, or analogs thereof. 

A meAod of detecting a CD66 protein <x a ligand thereof, the method 
compriang contactmg tissue comprising a CD66 protein or a ligand 
thereof with at least one peptide or peptide conjugate comprising an 
amino acid sequence represented by SEQ ID NOs:l-100, 1 19, 143, 157, 
161, 178, 187, or analogs thereof. 

A method of altering angiogenesis comprising contacting endothelial 
cells, tumor cells, or immune cells with at least one peptide or peptide 
conjugate comprising an amino acid sequence represented by SEQ ID 
NOs:l-100, 119, 143, 157, 161, 178, 187, or analogs thereof. 

A method of altering an immune reiq>onse, the method comprising 
contacting immune system cells with at least one peptide or peptide 
conjugate comprising an amino acid sequoce re{»iesented by SEQ ID 
NOs:M00, 119, 143, 157, 161, 178, 187, or analogs thereof. 

A method of altering keratinocyte proliferation comprising contacting 
keratinocytes with at least one peptide or peptide conjugate comprising 
an amino add sequence represented by SEQ ID NOs: 1-100, 119, 143, 
157, 161, 178, 187, or analogs flwreof. 

An isolated peptide comprising an amino acid sequence represented by 
SMPFN (SEQ IDNO:101), PQQLF (SEQ IDNO:102), LPQQL (SEQ 
ID NO:103), QQLFG (SEQ ID NO:104), NRQIV (SEQ ID NO:105), 
GNRQI (SEQ ID NO:106), IKSDLVNE (SEQ ID NO:107), AASNPP 
(SEQ ID NO:108), NTTYLWWVNG (SEQ ID NO:109), YLWWVNG 
(SEQ ID NO:l 10), SWLIN (SEQ ID NO:l 1 1), SWFDSf (SEQ ID 
N0:1 12), AQYSWLIN (SEQ ID NO:l 13), AQYSWFIN (SEQ ID 
N0:114), SWFVN (SEQ ID NO:115), AQYSWFVN (SEQ ID N0:116), 
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NRQII (SEQ ID NO:199), GNRQI (SEQ ID NO:200), or analogs 
thereof. 
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(BOP) Adhesion Molecule Mediates Homotypic Binding: Domain 
Interactions and Epitope Analysis of BGP& Blood 01 July 1994, 
VoL 84, Na 1, pages 211-219, especially abstract and Figure 2. 
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Boi 1 ObMrvftdona wber* certain claims were found vnMarchaUt (Continiiatioii of item 1 of flrst sheet) 



Tbii iateniitioail report has not been etcMshed in respect of certun dairat under Article I7(9X«) ibr the following remoni; 
I, PI aaimi No»4 

becante chey relate to mbject matter not required to be searched bj this Authority, namely: 



S. rn Qaims Noa.: 

' because they relate to paru of the international application that do not comply with the prescribed requirements to 
such an extent that no meaning;iti] international search can be carried out, specifically: 



3. Qaims Nos.: 

becmse they are dependent claims and are not drafted in accordance with the second and third sentences of Rnle &4<aX 



Box II Observations where unity of invention Is lacking (Continuation of item 2 of first sheet) 



This Intemacional Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



1. rn As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

S. As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 

of any additional fee. 

9. 1^ As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



I x| No required additional search lees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claimr. it is covered by claims Nos.: 
1-10 for SEQ ID NO: 14 



Renarh on Protest | | The additional search fees were accompanied by the applicant's protest. 

[ I No protest accompanied the payment of additional search fees. 
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INTERNATIONAL SEARCH REPORT 



.aUnwdonwl applkaticNi No. 
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BOX H. OB5ERVATIOHS WHERE UNITY OF INVENTION WAS LACKING 
Thi* ISA fiwBd mttl%le iavefttioat as fellowf: 

This appBcatioa costsini the Ibllowinf iaveations or groups of inventiotts which sre not to lioked as to form a single 
inventive concept under PCT Rule ISA, In order for all inventioas to be Mirched. the appropriate additional search 
fees must be paid. 

Croup I. claims l-lO, drawn to a first set of peptides. 

Croup n» claims I l-as, drawn to methods of activating or bloching activation of neutrophils. 

Croup III. claims 10-116 and dS. drawn to methods of modulating and altering modulation of adhesion. 

Group tV» claims drawn to methods of modulating immune cell activation. prolileratioB, or diflerentiacion. 

Gnnip V, claims 53-55, drawn to methods of delivering therapeutics. 

Group VI, claim 56» drawn to a method of modifying metastasis. 

Group Vlt. claim 57, drawn to a method of altering bacterial or viral binding to a biomaterial. 

Group VIII, clum as, drawn to a method of altering cell adhesion to a biomsterial. 

Group IX. claim 59. drawn to a method of detecting tumors. 

Croup X, claim -to. drawn to a method of detecting innainmation. 

Group XI. claim 41, drawn to a method of detecting a CD66 protein or ligand. 

Group XII. claim 49. drawn to a method of altering angiogenesis. 

Group Xnt. claim 45» drawn to a method of altering immune response. 

Croup XIV, claim 44, drawn to a method of altering keratinocjte proliferation. . 

Group XV, claim 45, drawn to a second set of peptides. 

It is noted that claim 5S appears in each of Groups Il-IV Tliis claim is specifically directed to the three 
different methods of Groups II-IV and will be examined only to the degree that it reflects the elected invention and 
sequence {see below). 

SeqacBce Eledioa Requirement Applicable to AU Groups 

In addition, each Group detailed above reads on patentably distinct SEQ ID Numbers. Each sequence is 
patentably distinct because they are unrelated sequences, and a forther restriction is spplied to each Group. Applicant 
must fiirdftcr elect a single SEQ ID Number for an amino acid sequence. Each additional amino actd sequence is 
considered to be an additional group. 



The inventions listed as Groups I-XV do not relate to a single inventive concept under PCT Rule 15.1 because, under 
PCT Rule 15.2. they lack the same or corresponding special technical features for the following reasons: 

Each of the products of Croups I and XV can be shown to be distinct, each from every other, as their structures differ. 
In addition, the set of peptides in Groups I and XV appear to be mutually exclusive. Thus, none share a special 
technical feature. Each of the methods of groups II-XIV do not require each other for their ultimate use and each 
method has different starting materials, method steps, and/or goals. Thus, they do not share a special technical 
feature. It is noted that not all of the producta arc used in each of the methods. 

The examiner will rejoin claims directed to the first appearing method using the elected product to preserve nnitj of 
invention. Note that PCT Rule 15 does not provide for multiple products or multiple methods. 
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